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PllEFACE TO VOLUME II. 


The present volume completes my treatise on (Jompara- 
tive Embryology. The first eleven chapters deal with the 
developmental history of the Chordata. These are followed 
by three comparative chapters completing the section of the 
work devoted to Systematic Embryology. The remainder 
of the treatise, from Chapter XIV. onwards, is devoted 
to Organogeny. For the reasons stated in the introduction 
to this part the organogeny of the Chordata has been 
treated with much greater fulness than that of the other 
groups of Metazoa. 

My own investigations have covered the ground of the 
present volume much more completely than they did that 
of the first volume ; a not inconsiderable proportion of the 
facts recorded having been directly verified by me. 

The veiy great labour of completing this volume has 
been much lightened by the assistance I have received from 
my friends and pupils. Had it not been for their co-opera- 
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tion a large number of the disputed points, which I have 
been able to investigate during the preparation of the work, 
must have been left untouched. 

My special thanks are due to Mr Sedgwick, who has 
not only devoted a very large amount of time and labour to 
correcting the proofs, but has made for me an index of this 
volume, and has assisted me in many other ways. 

Dr Allen Thomson and Professor Kleinenberg of Mes- 
sina have undertaken the ungrateful task of looking through 
my proof-sheets, and have made suggestions which have 
proved most valuable. To Professors Parker, Turner, and 
Bridge, I am also greatly indebted for their suggestions 
with reference to special chapters of the work. 
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CHAPTER I. 


CEPHALOCHORDA. 

The developmental history of the Chordata has been studied far 
more completely than that of any of the groups so far considered ; 
and the results which have been arrived at are of striking interest 
and importance. Three main subdivisions of this group can be re- 
cognized: (1) the Cephalochorda containing the single genus Am- 

? hioxus; (2) the Urochorda or Tunicata; and (3) the Vertebrata\ 
‘he members of the second and probably of the first of these groups 
have undergone degeneration, but at the same time the members 
of the first group especially undergo a less modified development 
than that of other Chordata. 

Cephalochorda. 

Our knowledge of the development of Amphioxus is mainly due 
to Kowalevsky (Nos. i and 2). The ripe eggs appear to be dehisced 
into the branchial or atrial cavity, and to be transported thence 
through the branchial clefts into the pharynx, and so through the 
mouth to the exterior. (Kowalevsky, No. i, and Marshall, No. 5 .) 

When laid the egg is about 0105 mm. in diameter. It is in- 
vested by a delicate membrane, and is somewhat opaque owing to the 
presence of yolk granules, which are however uniformly distributed 
through it, and proportionately less numerous than in the ova of most 

1 The term Vertebrate is often used to include the Cephalochorda. It is in many 
ways convenient to restrict its use to the forms which have at any rate some in- 
dications of vertebriB ; a restriction which has the further convenience of restoring to 
the term its original limitations. In the first volume of this work the term Craniate 
was used for the forms which I now propose to call Vertebrate. 
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FORMATION OF THE LAYERS. 


Chordata. Impregnation is external and the segmentation is nearly 
regular (hg. 1). A small segmentation cavity is visible at the stage 



Fio. 1. The Segmentation of Amphioxur. (Copied from Kowalev»ky. ) 

A. Stage with two equal segments. 

B. Stage with four equal segments. 

C. Stage after the four segments have become divided by an equatorial furrow 
into eight equal segments. 

D. Stage in which a single layer of cells encloses a central segmentation cavity. 

E. Somewhat older stage in optical section. 

8g, segmentation cavity. 

with four segments, and increases during the remainder of the seg- 
mentation ; till at the close (fig. 1 E) the embryo con,sist8 of a blasto- 
sphere formed of a single layer of cells enclosing a large segmenta- 
tion cavity. One side of the bla-stosphere next becomes invaginated, 
and during the process the embryo becomes ciliated, and commences 
to rotate. The cells forming the invaginated layer become gradually 
more columnar than the remaining cells, and constitute the hypo- 
blast; and a structural distinction between the epiblast and hypo- 
blast is thus esta,blished. In the course of the invagination the 
segmentation cavity becomes gradually obliterated, and the embryo 
first assumes a cup-.shaped form with a wide blastopore, but soon 
becomes elongated, while the communication of the archenteron, or 
cavity of invagination, with the exterior is reduced to a small blasto- 
pore (fig. 2 A), placed at the pole of the long axis which the sub- 
sequent development shews to be the hinder end of the embryo. 
The blastopore is often known in other Chordata as the anus of 
Rusconi. Before the invagination is completed the larva throws off 
the egg-membrane, and commences to lead a free existence. 

Up to this stage the larva, although it has acquired a cylindrical 
elongated form, has only the structure of a simple two-layered gas- 
trula; but the changes which next take place give rise on the one 
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hand to the formation of the central nervous system, and on the 
other to the formation of the notochord and mesoblastic somites*. 
The former structure is developed from the epiblast and the two 
latter from the hypoblast. 

The formation of the central nervous system commences with the 
flattening of the dorsal surface of the embryo. The flattened area 
forms a plate (fig. 2 B and fig. 3 A, tip), extending backwards to the 
blastopore, which has in the meantime passed round to the dorsal 
surface. The sides of the plate become raised as two folds, which 
are most prominent posteriorly, and meet behind the blastopore, but 
shade off in front. The two folds next unite dorsally, so as to convert 
the previous groove into a canal* — the neural or medullary canal. 
They unite first of all over the blastopore, and their line of junction 



Fig. 2. Embryos of Ambhioxus. (After Kowalevi>ky. ) 

The parts in black with white lines are epiblastic ; the shaded parts are hypoblastic. 

A. Gastrula stage in optical section. 

B. Slightly later stage after the neural plate np has become differentiated, seen as 
a transparent object from the dorsal side. 

C. Lateral view of a slightly older larva in optical section. 

D. Dorsal view of an older larva with the neural canal completely closed except 
for a small pore (no) in front. 

£, Older larva seen as a transparent object fram the side. 

hL blastopore (which l3ecome8 in D the neurenterio canal) ; /te. neurcnteric canal ; 
np. neural or medullary plate; no. anterior opening of neural canal; c/i. notochord; 
«o^ so", hrst and second mesoblastic somites. 

extends from this point forwards (fig. 2 C, D, E). There is in this 
way formed a tube on the floor of which the blastopore opens behind, 
and which is itself open in front. ^Finally the medullary canal is 
formed for the whole length of the embryo. The anterior opening 
persists however for some time. The communication between the 

^ The protovertobrffi of most embryologists will he spoken of as mesoblastic somites. 

~ The details of this process are spoken of below. 
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MEDULLARY CANAL. 


neural and alimentary tracts becomes interrupted when the caudal 
fin appears and the anus is formed. The neural canal then 
extends round the end of the notochord to the ventral side, but 
subsequently retreats to the dorsal side and terminates in a slight 
dilatation. 

In the formation of the medullary canal there are two points 
deserving notice — viz. (1) the connection with the blastopore ; (2) the 
relation of the walls of the canal to the adjoining epiblast. With 
reference to the first of these points it is clear that the fact of 
the blastopore opening on the floor of the neural canal causes a 
free communication to exist betw^een the archenteron or gastrula 
cavity and the neural canal ; and that, so long as the anterior pore 
of the neural canal remains open, the archenteron communicates 
indirectly with the exterior {vide fig. 2 E). It must not however 
be supposed (as has been done by some embryologists) that the pore 
at the front end of the neural canal represents the blastopore carried 
forwards. It is even probable that what Kowalevsky describes as 
the carrying of the blastopore to the dorsal side is really the com- 
mencement of the formation of the neural canal, the walls of which 
are continuous with the lips of the blastopore. This interpretation 
receives support from the fact that at a later stage, when the 
neural and alimentary canals become separated, the neural canal 
extends round the posterior end of the notochord to the ventral side. 
The embryonic communication between the neural and alimentary 
canals is common to most Chordata; and the tube connecting them 
will be called the neu rent eric canal. It is always formed in 
fundamentally the same manner as in Amphioxus. With reference 
to the second point it is to be noted that Amphioxus is exceptional 
amongst the Chordata in the fact that, before the closure of the neural 
groove, the layer of cells which will form the neural tube becomes com- 
pletely separated from the adjoining epiblast (fig. 3 A), ami forms a 
structure which may be spoken of as the medullary plate ; and that 
in the closure of the neural canal the lateral epibLast forms a Complete 



(After Kowalevsky.) 


Fig. S. Sections op an Amphioxus embeyo at three stages. 

A. Section at gastrula stage. 

B. Section of an emb^o slightly younger than that represented in fig 2 D 

fig. 2E * *‘*88 rVwsented in 

np. neural plate; ne. neural canal; me*, archenteron in A and B, and -mntcran 
m C; ch. notochord; so. mesoblastic somite. mosentcion 
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layer above this plate before the plate itself is folded over into a 
closed canal. This peculiarity will be easily understood from an 
examination of fig. 3 A, B and C. 

The formation of the mesoblastic somites commences, at about 
the same time as that of the neural canal, as a pair of hollow 
outgrowths of the walls of the archenteron. These outgrowths, 
which are shewn in surface view in fig. 2 B and D, so, and in section 
in fig. 3 B and C, 5o, arise near the front end of the body and gra- 
dually extend backwards as wing-like diverticula of the archenteric 
cavity. As they grow backwards their dorsal part becomes divided by 
transverse constrictions into cubical bodies (fig. 2 D and E), which, with 
the exception of the foremost, soon cease to open into what may now 
be called the mesenteron, and form the mesoblastic somites. Each 
mesoblastic somite, after its separation from the mesenteron, is con- 
stituted of two layers, an inner one — the splanchnic — and an outer 
— the somatic, and a cavity between the two which was originally 
continuous with the cavity of the mesenteron. Eventually the dorsal 
parts of the outgrowths become separated from the ventral, and form 
the muscle-plates, while their cavities atrophy. The cavity of the 
ventral part, which is not divided into separate sections by the above 
described constrictions, remains as the true body cavity. The ventral 
part, of the inner layer of the mesoblastic outgrowths gives rise to the 
muscular and connective tissue layers of the alimentary tract, and the 
dorsal part to a section of the voluntary muscular system. The ventral 
part of the outer layer gives rise to the somatic mesoblast, and the 
dorsal to a section of the voluntary muscular system. The anterior 
mesoblastic somite long retains its communication with the mesenteron, 
and was described by Max Schultze, and also at first by Kowalevsky, 
as a glandular organ. While the mesoblastic somites are becoming 
formed the dorsal wall of the me.senteron develops a median longi- 
tudinal fold (fig. 3 B, ch), which is gradually separated ofl[‘ from before 
backwards as a rod (fig, 3 0, c/t), underlying the central nervous 
system. This rod is the notochord. After the separation of those 
parts the remainder of the hypoblast forms the wall of the mesen- 
teron. 

With the formation of the central nervous system, the mesoblastic 
somites, the notochord, and the alimentary tract the main systems of 
organs are established, and it merely remains briefly to describe the 
general changes of form which accompany the growth of the larva 
into the adult. By the time the larva is but twenty-four hours 
old there are formed about seventeen mesoblastic somites. The 
body, during the period in which these are being formed, remain.s 
cylindrical, but shortly afterwards it^ becomes pointed at both ends, 
and the caudal fin appears. The fine cilia covering the larva also 
become replaced by long cilia, one to each cell. The mesenteron is 
still completely closed, but on the right side of the body, at the level 
of the front end of the mesenteron, the hypoblast and epiblast now 
grow together, and a perforation becomes formed through their point 
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of contact, which becomes the mouth. The anus is probably formed 
about the same time if not somewhat earlier \ 

Of the subsequent changes the two most important are (1) the 
formation of the gill slits or clefts ; (2) the formation of the peri- 
branchial or atrial cavity. 

The formation of the gill slits is, according to Kowalevsky’s description, 
so peculiar that one is almost tempt^ to suppose that his observations were 
made on pathological specimens. The following is his account of the pro- 
cess. Shortly after the formation of the mouth there appeal’s on the ventral 
line a coalescence between the epiblast and hypoblast. Here an opening is 
formed, and a visceral cleft is thus established, which passes to the leftside, 
viz. the side opposite the mouth. A second and apparently a third slit are 
formed in the same way. The stages immediately following were not ob- 
served, but in the next stage twelve slits were present, no longer however 
on the left side, but in the median ventral line. There now appears on the 
side opposite the mouth, and the same therefore as that originally occupied 
by the first thi’ee clefts, a series of fi'esh clefts, which in their growth push 
the original clefts over to the same side as the mouth. Each of the fresh 
clefts becomes divided into two, which form th(* permanent clefts of their 
side. 

The gill slits at first open freely to the exterior, but during their 
formation two lateral folds of the body wall, containing a prolongation 
of the body cavity, make their appearance (fig. 4 A), and grow down- 
wards over the gill clefts, and finally meet and coalesce along the 
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I*iG. 4. Sections THRotroH two advanced embryos or AMPinoxus to shew the 
FORMATION OF THE PERIBRANCHIAL CAVITY. (AftOI Kowalovsky.) 

T ^ prolongation of the body cavity, 

in ^ the two folds have coalesced ventrally, forming a cavity into which a branchial 
cleft 18 seen to open. 

mes, mesenleron; hr.c. branchial cavity ; pp, body cavity. 

ventral line, leaving a widish cavity between themselves and the bo<ly 
wall Into thi^avity, which is lined by epiblast, the gill clefts open 
(hg. 4 B, br.c). This cavity— which forms a true peribranchial cavity— 
18 completely closed in front, bat owing to the folds not uniting 
completely behind it remains in communication with the exterior by 
an opening known as the atrial or abdominal pore. 


pofiitiM of the mouth in the embryo Amphioxus hse been leeardod m 
proving that the mouth representB a branchial cleft, but the general agymmetry of the 
organs is such that no great stress can, I think, be laid on the position of the mouth. 
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The vascular system of Amphioxus appears at about the same 
time as the first visceral clefts. 
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CHAPTER IT. 


UROCHORDA\ 


In the Solitaria, except Cyntliia, the eggs are generally laid, and 
impregnation is effected sometimes before and sometimes after the 
eggs have left the atrial cavity. In Cynthia and most Caduci- 
chordata development takes place within the body of the parent, 
and in the Salpida* a vascular connection is established between the 
parent and the single foetus, forming, a structure physiologically com- 
parable with the Mammalian placenta. 

Solitaria. The development of the Solitary Ascidians has been 
more fully studied than that of the other groups, and appears moreover 
to be the least modified. It has been to a great extent elucidated 
by the splendid researches of Kowalevsky (Nos. i8 and 20), whose 
statements have been in the main followed in the account below. 
Their truth seems to me to be established, in spite of the scepticism 
they have met with in some quarters, by the closeness of their cor- 
respondence with the developmental phenomena in Amphioxus. 

The type most fully investigated by Kowalevsky is Ascidia 
(Phallusia) mammillata ; and the following description must be 
taken as more especially applying to this type. 

The segmentation is complete and regular. A small segmentation 
cavity appears fairly early, and is surrounded, according to Kowalevsky, 
by a single layer of cells, though on tliis point Kupffer (No. 27) and 
Giard (No. 1 1) are at variance with him. 


* The following classification of the Urochorda is adopted in the present chapter. 

I. Cadudchordata. 


II 


A. 


SlMFLIClA 


Solitaria ex, Ancidia 
Socialia ex. Clavellina. 


B, 

C. 


COHPOSITA 

CONSERTA 


I Sedentaria ex. Boiryllm 
(Natantia ex, Pyrmoma. 
iSalpidffi. 

(Doliolido). 


Perennichordata. 

Ex. Appendicularia. 
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The segmeatation is followed by an invagination of nearly the 
same character as in Amphioxus. The blastosphere resulting from 
the segmentation first becomes flattened on one side, and the cells 
on the flatter side become more columnar (fig. 8 l.). Very shortly 
a cup-shaped form is assumed, the concavity of which is lined by 
the more columnar cells. The mouth of the cup or blastopore next 
becomes narrowed; while at the same time the embryo becomes 
oval. The blastopore is situated not quite at a pole of the oval but 
in a position which subsequent development shews to be m the 
dorsal side close to the posterior end 
of the embryo. The long axis of the 
oval corresponds with the long axis 
of the embryo. At this stage the 
embryo consists of two layers; a 
columnar hypoblast lining the central 
cavity or archenteron, and a thinner 
epiblastic layer. The dorsal side of 
the embryo next becomes flattened 
(fig. 8 II.), and the epiblast covering 
it is shortly afterwards marked by 
an axial groove continued forwards 
from the blastopore to near the fiont 
end of the body (fig. 5, mg). This is 
the medullary groove, and it soon 
becomes converted into a closed canal 
— the medullary or neural canal — 
below the external skin (fig. 6, n.r). 

The closure is effected by the folds on each side of the furrow 
meeting and coalescing dorsally. The original medullary folds fall 
into one another behind the blastopore, so that the blastopore is 
situated on the floor of the groove, and, on the conversion of the 
groove into a canal, the blastopore connects the canal with the 
archenteric cavity, anil forms a short 
neurenteric canal. The closure of the 
medullary canal commences at the blas- 
topore and is thence continued forwards, 
the anterior end of the canal remaining 
open. The above processes are repre- 
sented in longitudinal section in fig. 

8 III, n. When the neural canal is 
completed for its whole lengtli, it still 
communicates by a terminal pore with 
the exterior. In the relation of the 
medullary canal to the blastopore, as 
wel^^ as in the closure of the medullary 
groove from behind forwards, the Soli- 
tary Ascidians agree closely with Am- 
phioxus. 





at 


Fio. 0 . Tbansyerse optical 

SECTION OF THE TAIL OF AN KM- 
HKVO OF PhaLI.VSIA ILAMMILLATA. 

(After Kowalevsky.) 

The section is from an embryo 
of the same age as fig. 8 iv. 
ch. 

canal ; fMCi. II 
blast of tail. 



Fio. 5 . Transvebsb section 

THROUGH THE FRONT END OF AN EM- 
BRYO OF Phallubia MAMMILLATA. 

(After Kowalevsky.) 

The embrj^o iB slightly younger 
than that represented in fig. 8 in. 

mg. medullary groove; al. ali- 
mentaiy' ti'act. 
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NOTOCHORD. 


The cells of the dorsal wall of the archenteron immediately 
adjoining the front and sides of the blastopore have in the mean- 
time assumed a somewhat different character from the remaining 
cells of the archenteron, and give rise to a body which, when 
viewed from the dorsal surface, has somewhat the form of a 
horseshoe. This body was first observed by MetschnikofF. On tlie 
elongation of the embryo and the narrowing of the blastopore the 
cells forming this body arrange themselves as a broad linear cord, 
two cells wide, underlying about the posterior half of the neural 
canal (fig. 7, ch). They form the rudiment of the notochord, which, 
as in Amphioxus, is derived from the dorsal wall of the archenteron. 
They are seen in longitudinal section in fig. 8 II. and III. ch. 

With the formation of the notochord the body of the embryo 
becomes divided into two distinct regions — a posterior region where 
the notochord is present, and an anterior region into which it is not 
prolonged. These two regions correspond with the tail and the 
trunk of the embryo at a slightly later stage. The section of the 
archenteric cavity in the tiiink dilates and constitutes the permanent 
mesenteron (figs. 7, al, and 8 ill. and iv. dd). It soon becomes shut oft' 

from the slit-like posterior part of the 
archenteron. Tlie nervous system in this 
part also dilates and forms what may be 
called the cephalic swelling (fig. 8 iv.), 
and the pore at its anterior extremity 
gradually narrows and finally disappears. 
In the region of the tail we have seen 
that the dorsal wall of the archenteron 
becomes converted into the notochord, 
which immediately underlies the posterior 
part of the medullary canal, and soon 
becomes an elongated cord formed of a 
single or double row iif flattened cells. 
The lateral walls of the archenteron 
(fig. 7, me) in the tail become converted 
into elongated cells arranged longitudi- 
nally, which form powerful lateral muscles 
(fig. 8 IV. m). After the fonnation of the 
notochord and of the lateral inuscles 
there remains of the archenteron in the 
Uil only the ventral wall, which accord- 
ing to Kowalevsky fonns a simple cord 
of cells (fig. 6, al). It is however not 
always present, or else has escaped the 
attention of other observers. It is stated by Kowalevsky to be 
eventually transformed into blood corpuscles. The neiirenteric canal 
leads at first into the narrow space between the above structures, 
which is the remnant of the posterior part of the lumen of the 
archenteron. Soon both the neurenteric canal and the caudal rem- 
nant of the archenteron become obliterated. 


ch-. 



Fig. 7. Optical section of 

AN EMBBYO OP PbALLVSIA 3IAM- 
MiLLATA. (After Kowalevsky.) 

The embryo is of the same age 
as fig. 8 III, but is seen in longitu- 
dinal horizontal section. 

al. alimentary tract in anterior 
part of body; ch. notochord; me. 
mesoblast. 
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I’KJ. 8. VaBIOUS HTACiKS IN THE DEVELOPMENT OF PhALLDBIA MAMUILLATA. 

(From Huxley; after Kowalevsky.) 

The embryos are represented in longitudinal vertical section. 

1 Commencing gastrula stage, fh, segmentation cavity. 

II. Late gastrula stage with flattened dorsal surface, eo, blastopore; ch. noto- 
chord; dd. hypoblast. 

III. A more advanced embryo with a partially- formed neural tube, ch, and dd, 
as before; n. neural tube; c. epiblast. 

IV. Older embryo in which the formation of the neural tube is completed, dd. 
hyi)oblaBt enclosing persistent section of alimentary tract; dd\ hypoblast m the tail; 
m. muscles. 

V. Larva just hatched. The end of the tail is not represented, a. eye; gh. dilated 
extremity of neural tube with otolith projecting into it ; Eg. anterior swelling of the 
spinal division of the neural tube ; /. anterior pore of neur^ tube ; Em, posterior part of 
neural tulw; n. mouth; Out, notochord; kl, atrial invagination; dd. branchial region 
of alimentaiy tract; d. oommenoement of oesophagus and stomach; dd'. hypoblast in 
the tail; m. muscles; hp, papilla for attachment. 

VI. Body and anterior part of the tail of a two days’ larva, khn, atrial aperture ; 
€ft, endostyle; ht, branchial sack; U«, branchial slits; bb, branchial vessel between 
them ; eh, axial portion of notochord ; chn, peripheral layer of cells. Other reference 

1nl4A*<a do IiaCawi 
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THE TEST, 


During the above changes the tail becomes considerably elongated 
and, owing to the larva being still in the egg-shell, is bent over to 
the ventr^ side of the trunk. 

The larva at this stage is represented in a side view in fig. 8 IV. 
The epidermis is formed throughout of a single layer of cells. In 
the trunk the raesenteron is shewn at dd and the dilated part of the 
nervous system, no longer communicating with the exterior, at n. 
In the tail the notochord is shewn at ch, the muscles at m, and the 
solid remnant of the ventral wall of the archenteron at dd\ The 
delicate continuation of the neural c«anal in the tail is seen above the 
notochord at n. An optical section of the tail is shewn in fig. C. 
It is worthy of notice that the notochord and muscles are formed 
in the same manner as in Amphioxus, except that the process 
is somewhat simplified. The mode of disappearance of the archen- 
teric cavity in the tail, by the employment of the whole of its walls 
in the formation of various organs, is so peculiar, that I feel some 
hesitation in accepting Kowalevsky’s stakunents on this head*. 

The larva continues to grow in length, and the tail becomes 
further curled round the ventral side of the body within the egg- 
membrane. Before the tail has nearly reiiched its full length tlie test 
becomes formed as a cuticular deposit of the epiblast cells (O. Hertwig, 
No. 13, Semper, No. 37). It appears first in the tail and gradually 
extends till it forms a complete investment round both tail and 
trunk, and is at first totally devoid of cells. Shortly after the 
establishment of the test there grow out from tlie anterior end of tliC 
body three peculiar papilluL*. developed as simple ihickenings of the 
epidermis. At a later stage, after the hatching of the larva, these 
papillae develop glands at their extremities, secreting a kind of 
glutinous fiuuP. After these papilla^ have ))eco]ne fiurned cells first 
make their appearance in the test ; and there is .simult^uieously 
formed a fresh inner cuticular layer of the test, 14) winch at first the 
cells are confined, though subseipiently they are fo\uul in the outer 
layer also. On the appearance of cells in the test the latter must be 
regarded as a form, though a very abnormal one, of connective tissue. 
When the tail of the larva has reached a very considerable length 
the egg-membrane bursts, and the larva iK'cmnes free. The hatching 
takes place in Asc. canina about 48 — hO hours after impregnation. 
The free larva (fig. 8 v.) has a .swollen trunk, and a very long tail, 
which soon becomes .straightened o»it. It has a striking resemblance 
to a tatlpole (vide fig. 10), 

In the free larval condition the Asoidian.s liave in many respects 
a higher organization than in the adult .state. It is ac^cordingly 

1 It i-s more probable that thiH part of the aliinoritar)' tract in e(]niva1ent to the 
po«t-anal gut of many Vertebrata, wyiicli ia at firat a complete tula*, but diHapiMMira 
later by the simple absorptiou of the wails. 

* It is probable that these papiliic are very primitive orKans of the Chordata. 
Structures, which are probably of the same nature, are foitned behind ti»o month in 
the larv® of Amphibia, and in front of the mouth in the larvie (»f (iauoids (Acipen>»er, 
Lepidosteus), and are used by these larva* for attaching thcrnHcives. 
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convenient to divide the subsequent development into two periods, 
the first embracing the stages from the condition represented in 
fig. 8 V. up to the full development of the free larva, and the second 
the period from the full development of the larva to the attainment 
of the fixed adult condition. 

Growth and Structure of the free larva. 

The nervous system. The nervous system was left as a closed 
tube consisting of a dilated anterior division, and a narrow posterior 
one. The former may be spoken of as the brain, and the latter as 
the spinal cord; although the homologies of these two parts are 
quite uncertain. The anterior part of the spinal cord lying within 
the trunk dilates somewhat (fig. 8 v. and vi. Bg) and there may 
thus be distinguished a trunk and a caudal section of the spinal cord. 

The original single vesicle of the brain becomes divided by the 
time the larva is hatched into two sections (fig. 9) — (1) an anterior 
vesicle with, for the most part, thin walls, in which unpaired auditory 
and optic organs make their appearance, and (2) a posterior nearly solid 
cephalic ganglion, through which there passes a narrow continuation 
of the central canal of the nervous system. This ganglion consists 
of a dorsal section formed of distinct cells, and a ventral section 
formed of a punctated material with nuclei. The auditory organ' 
consists of a ‘ crista acustica ’ (fig. 9), in the form of a slight promi- 
nence of columnar cells on the ventral side of the anterior cerebral 
vesicle ; to the summit of which a spherical otolith is attached by 
fine hairs. In the crista is a cavity containing clear fluid. The 
dorsal lialf of the otolith is pigmented : the ventral half is without 
pigment. The crista is developed in situ, but the otolith is formed 





Fio, 9. Larva or Ahcidia mentcla. (From Gegenbanr; after Kupifer.) 

Only tbe anterior part of the tail is represented, 
anterior awelling of neural tube; N, anterior swoUing of spinal portion of 
neural tube; n. hinder part Of neural tube; ch, notochord; K, branchial region of 
alimcntaiy tract; d, cesophageal and gastric region of alimentary tract; 0, eye; 
a. otolith; o. mouth; «. papilla for attachment. 

from a single cell on the dorsal side of the cerebral vesicle, which 
forms a projection into the cavity of the vesicle, and then travels (in 

^ For a fuller account of the organs of sense vide the chapters on the eye and ear. 
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EYE, 


a manner not clearly made out) round the right side of the vesicle 
till it comes to the crista; to which it is at first attached by a 
narrow pedicle. The fully developed eye (figs. 8 vi. and 9, 0) consists 
of a cup-shaped retina, which forms a prominence slightly on the 
right side of the posterior part of the dorsal wall of the anterior 
cerebral vesicle, and of refractive media. The retina is formed of 
columnar cells, the inner ends of which are imbedded in pigment. 
The refractive media of the eye are directed towards the cavity of 
the cerebral vesicle, and consist of a biconvex lens and a meniscus. 
Half the lens is imbedded in the cavity of the retina and surrounded 
by the pigment, and the other half is turned toward a concavo-convex 
meniscus which corresponds in position with the cornea. The de- 
velopment of the meniscus and lens is unknown, but the retina 
is formed (fig. 8 V. a) as an outgrowth of the wall of the brain. At 
the inner ends of the cells of this outgrowth a deposit of pigment 
appears. 

The trunk section of the spinal cord (fig. 9, N) is separated by a 
sharp constriction from the brain. It is formed of a superficial layer 
of longitudinal nervous fibres, and a central core of ganglion cells. 
The layer of fibres diminishes in thickness towards the tail, and 
finally ceases to be visible. Kupffer detected three pairs of nerves 
passing off from the spinal cora to the muscles of the tail. The 
foremost of these arises at the boundary between the trunk and the 
tail, and the two others at regular inteiwals behind this point. 

The mesoblast and muscular system. It has already been state<l 
that the lateral walls of the archenteron in the tail give rise to 
muscular cells. These cells lie about three abreast, and appear 
not to increase in number; so that with the growth of the tail 
they grow enormously in length, and eventually become imperfectly 
striated. The mesoblast cells at the hinder end of the trunk, close 
to its junction with the tail, do not become converted into muscle 
cells, but give rise to blood corpuscles ; and the axial remnant of the 
archenteron undergoes a similar fate. According to Kowalevsky the 
heart is formed during larval life a.s an elongated closed sack on 
the right side of the endostyle. 

The notochord. The notochord was left as a rod formed of a 
single row of cells, or in As. canina and some other forms of two 
rows, extending from just within the border of the trunk to the end 
of the tail. 

According to Kowalevsky, Kupffer, Giard, etc, the notochord under- 
goes a further development which finds its only complete parallel amongst 
Chordata in the doubtful case of Amphioxus. 

There appear between the cells peculiar highly refractive discs (fig. 8 v. 
Cha). These become larger and larger, and finally, after pushing the remnants 
of the cells with their nuclei to the sides, coalesce together to fonn a con- 
tinuous axis of hyaline substance. The remnants of the cells with their 
nuclei form a sheath round the hyaline axis (fig. 8 vi. ch.). Whether the 
axis is to be regarded as formed of an intercellular 8ubstanc(\ or of a differ- 
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entiatiou of parts of tiie cells is still doubtful. Eupffer inclines to the lat- 
ter view : the analogy of the notochoixl of higher types appears to me to tell 
in favour of the former one. 

The alimentary tract. The anterior part of the primitive ar- 
chenterou alone retains a lumen, and from this part the whole of the 
permanent alimentary tract (mesenteron) becomes developed. The 
anterior part of it grows upwards, and before hatching an involu- 
tion of the epiblast on the dorsal side, just in front of the anterior 
extremity of the nervous system, meets and opens into this upgrowth, 
and gives rise to the permanent mouth (fig. 8 V. o), 

Kowalevsky states that a pore is fonned at the front end of the nervous 
tube leading into the mouth (fig. 8 v. and vi./) which eventually gives 
rise to the ciliated sack, which lies in the adult at the junction between the 
mouth and the branchial sack. Kupffer however was unable to find 
this opening; but Kowalevsky^s observations are confirmed by those of 
Salensky on Salpa. 

From the hinder end of the alimentary sack an outgrowth directed 
dorsalwards makes its appearance (figs. 8 V. and 9, d), from which the 
oesophagus, stomach and intestine become developed. It at first 
ends blindly. The remainder of the primitive alimentary sack gives 
rise to the branchial sack of the adult. Just after the larva has be- 
come hatched, the outgrowth to form the stomach and oesophagus, etc. 
bends ventralwards and to the right, and then turns again in a dorsal 
and left direction till it conies close to the dorsal surface, somewhat to 
the left of and close to the hinder end of the trunk. The first ventral 
loop of this part gives rise to the oesophagus, which opens into the 
stomach; from this again the dorsally directed intestine passes off. 

On the ventral w^l of the branchial sack there is formed a narrow 
fold with thickened walls, which forms the endostyle. It ends ante- 
riorly at the stomodjeum and posteriorly at the point where the solid 
remnant of the archenteron in the tail was primitively continuous with 
the branchial sack. The whole of the alimentary wall is formed of a 
single layer of hypoblast cells. 

A most important organ connected with the alimentary system 
still remains to be dealt with, viz. the atrial or peribranchial cavity. 
The first rudiments of it appear at about the time of hatching, in 
the form of a pair of dorsal epiblastic involutions (fig. 8 V. kl), at the 
level of the junction between the brain and the spinal cord. These 
involutions grow inwards, and meet corresponding outgrowths of the 
branchial sack, with which they fuse. At the junction between them 
is fonned an elongated ciliated slit, leading from the branchial sack 
into the atrial cavity of each side. The slits so formed are the first 
pair of branchial clefts. Behind the first pair of branchial clefts a 
second pair is formed during larval life by a second outgrowth of the 
branchial sack meeting the epiblastic atrial involutions (fig. 8 vi. Iks 
and 2ks). The intestine at first ends blindly close to the left atrial 
involution, but the anus becomes eventually formed by an opening 
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being established between the left atrial involution and the intes> 
tine. 

During the above described processes the test remains quite 
intact, and is not perforated at the oral or the atrial openings. 

retrogressive ^metamorphosis of the larva. 

The development of the adult from the larva is, as has already 
been stated, in the main a retrogressive metamorphosis. The stages in 
this metamorphosis are diagrammatically shewn in figs. 10 and 11. It 
commences with the attachment of the larva (fig. 1 0 A) which takes 
place by one of the three papillae. Simultaneously with the attach- 
ment the larval tail under- 
goes a complete atrophy (fig. 
10 B), so that nothing is left 
of it but a mass of fatty 
cells situated close to the 
point of the previous inser- 
tion of the tail in the trunk. 

The nervous system also 
undergoes a very rapid re- 
trogressive metamorphosis ; 
and the only part of it which 
persists would seem to be 
the dilated portion of the 
spinal cord in the trunk 
(Kupffer, No. 28). 

The three papillae, in- 

FIO.IO. DlXaBAM SHEWING THE HOHE OF cludbg that SOnW fot at- 
attachment and subsequent retbooressive tachment, early disappear, 
METAMORPHOSIS OF A LARVAL Ascidian. (From and thc larvu becomes fixed 
Lankester.) ^ growth of the test to 

foreign objects. 

An opening appears in the test some time after the larva is fixed, 
leading into the mouth, which then becomes functional. The bran- 
chial sack at the same time undergoes important changes. In the 
larva it is provided with only two ciliatea slits, which open into 
the, at this stage, paired atrial cavity (fig. 10). 

The openings of the atrial cavity at first are shut off from 
communication with the exterior by the test, but not long after the 
larva becomes fixed, two perforations are formed in the test, which lead 
into the openings of the two atrial cavities. At the same time the 
atrial cavities dilate so as gradually to embrace the whole branchial 
sack to which their inner walls attach themselves. Shortly after 
this the branchial clefts rapidly increase in number*. 

» The account of the multiplication of the branchial clefts is taken from Krohn^s 
paper on Phallusia mamraillata (No. 24), but there is every reason to think that it holds 
true in the main for simple Ascidians, 
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The increase of the branchial clefts is somewhat complicated. Between 
the two primitive clefts two new ones appear, and then a third appears 
behind the last cleft. In the interval 
between each branchial cleft is placed 
a vascular branchial vessel (fig. 8 vi. 

66.). Soon a great number of clefts 
become added in a row on each side 
of the branchial sack. These clefts are 
small ciliated openings placed trans- 
versely with reference to the long axis 
of the branchial sack, but only oc- 
cupying a small part of the breadth 
of each side. The intervals dorsal 
and ventral to them are soon filled by 
series of fresh rows of slits, separated 
from each other by longitudinal bars. 

Each side of the branchial sack be- 
comes in this way perforated by a 
number of small openings arranged in 

rowi^ and separate by transverse and 11. Diaqram op a very young 

longitudinal bars. The whole struc- Ascidian. (From Lankester.) 
ture forms the commencement of the 

branchial basketwork of the adult ; the arrangement of which differs con- 
siderably in structure and origin from the simple system of branchial clefts 
of nonnal vertebrate types. At the junction of the transverse and longitu- 
dinal bai'S papillse are formed projecting into the liunen of the branchial 
sack. 

After the above changes are far advanced towards completion, 
the openings of the two atrial sacks gradually approximate in the 
dorsal line, and finally coalesce to form the single atrial opening 
of the adult. The two atrial cavities at the same time coalesce 
dorsally to form a single cavity, which is continuous round the 
branchial sack, except along the ventral line where the endostyle is 
present. The atrial cavity, from its mode of origin as a pair of epi- 
blastic involution8\ is clearly a structure of the same nature as the 
branchial or atrial cavity of Amphioxus ; and has nothing whatever 
to do with the true body cavity. 

It has already been stated that the anus opens into the original 
left atrial cavity ; when the two cavities coalesce the anus opens into 
the atrial cavity in the median dorsal line. 

Two of the most obscure points in the development are the origin 
of the mesoblast in the trunk, and of the body cavity. Of the former 
subject we know next to nothing, though it seems that the cells 

' In the asexually produced buds of Ascidions the atrial cavity appears, with the ex- 
ception of the external opening, to bo formed from Uie primitive branchial sack. In 
the buds of Pyrosoma however it arises Independently. These peculiarities in the buds 
cannot weigh against the embryonic evidence that the atrial cavity arises from in- 
volutions of the epiblast, and they may perhaps be partially explained by the fact that 
in the formation of the visceral clefts ou^o^d^s of the branchial sack meet the atrial 
involutions. 
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resulting from the atrophy of the tail are employed in the nutrition 
of the mesoblastic structures of the trunk. 

The body cavity in the adult is well developed in the region of 
the intestine, where it forms a wide cavity lined by an epithelioid 
mesoblastic layer. In the region of the branchial sack it is reduced 
to the vascular channels in the walls of the sack. 

Kowalevsky believes the body cavity to be tlie original segmenta- 
tion cavity, but this view can hardly be regarded as admissible 
in the present state of our knowledge. In some other Ascidian 
types a few more facts about the mcsoblast will be alluded to. 

With the above changes the retrogressive metamorpliosis is com- 
pleted ; and it only remains to notice the change in position under- 
gone in the attainment of the adult state. The region by which the 
larva is attached grows into a long proce.ss (fig. 1 0 B), and at tlie same 
time the part carrying the moutli is bent upwards so as to be re- 
moved nearly as far as possible fi\un the jjoiiit of attachment. By this 
means the condition in the adult (fig. 11) is gradually brought about; 
the original dorsal surface with the oral and atrial oj)enings becoming 
the termination of the long axis of the body, and the nervous system 
being placed between the two openings. 

The genus Molgula presents a renjurkrible exception amongst the simple 
Ascidians in tliat, in R(»me if not all the speci(*s belonging to it, develoj)- 
ment takes place (Lacaze Dutliier-s 29 and 33, Kupfier 28) quite directly 
and without larval metamorplH)sis. 

The ova are laid either singly or ailhering together, and are very 
opaque. The segmentation (Laeaze Duthi<u’s) coiiniienct*8 by the formation 
of four equal spheres, after wliich ii iiuuibt?r of small clear s])heres are 
fbnned which envelope the large spheres. Tlie latter give rise to a 
closed enteric sack, and jaobably also to a mass of cells situated on the 
ventral side, which ajipear to be mesoblastic. The epiblast is constituted 
of a single layer of cells which coinjdetely (uivelojies the enteric sack and 
the mesoblast. 

While the ovum is still within the ch«)rioii five peculiar ]>roces8(i8 of 
epiblast grow out ; four of w liich usually lie in the same sectional plane 
of the embryo. They are contractile and contain prolongutioiis of the body 
cavity. Their relative size is very variable. 

The nervous system is fornuKl on tho doi-sal side of the embryo liefore the 
above projections make their appearance, but, though it soiuns probable that 
it originates in the same manner as in the more normal forms, its develoi>- 
ineut lias not Ix^en worked out. As soon as it i.s formed it consists of a 
nervous ganglion similar to that usually found in the adult. The history 
of the muHfi of mesoblast cells has been inad(‘quately followHl, but it con- 
tinuously disappears as the heart, excretory organs, inuscl(‘H, etc. become 
formed. 80 far as can be determin(‘d from Kupfler’s descriptions the 
Ixnly cavity is jirimitively fiarenchyinatous—an indication of an abbrevi- 
ated development — and does not arise as a definite split in the mesoblaHt. 

The primitive enteric cavity becomes converted into the branchial sack, 
and from its dorsal and [losterior corner the lesophagus, stomach and 
intestine grow out as in the normal forms. The moutli is formed by the 
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invagination of a disc-like thickening of the epidermis in front of the 
nervous system on the dorsal side of the body ; and the atrial cavity arises 
behind the nervous system by a similar process at a slightly later period. 
Tiie gill clefts opening into the atrial cavity are foimed as in the type of 
simple Ascidians described by Krohn. 

The embryo becomes hatched not long after the formation of the oral 
and atrial openings, and the five epiblastic processes undergo atrophy. 
They are not (un ployed in the attachment of the adult. 

Tlie larva when hatched agrees in most important j)oints with the adult; 
and is without the characteristic provisional larval organs of ordinary 
forms; neither organs of special sense nor a tail becoming developed. It has 
been suggested by Kupffer tliat the ventrally situated mesoblastic mass is 
the same structure as the mass of elements which results in ordinary types 
from the degeneration of the tail. If this suggestion is true it is difficult 
to believe that this mass has any other than a nutritive function. 

The larva of Ascidia atnjmlloides described by P. van Beneden is 
regarded by Kuj)ffer as intermediate between the Molgula larva and the 
normal type, in that the larval tail and notochord and a pigment spot are 
(ii-st developed, while after the atrojdiy of these organs i>eculiar processes 
like those of Molgula make their appearance. 

Sodonteria* develojmient of the fixed composite Ascidians is, so 

fur as we know, in the main similar to that of the simple Ascidians. 
Tlie larva* of Botryllus sometimes attain, while still in the free state, a 
higher stage of development with reference to the number of gill slits, etc. 
than that nniched by tlie simple Ascidians, and in some instances (Botryllus 
auratus Mdschnikoff) eight conical processes are found springing in a ring- 
like fashion around the trunk. The pres(*nce of these processes has led 
to somewhat remarkabh* views about the morphology of the group; in that 
they were rt*garded by Kiilliker, Sal’s, etc. as separate individuals, and it 
was 8uj)})0sed that the ])roduct of each ovum was not a single individual, 
l»ut a whole system of individuals with a common cloaca. 

The researches of Mctschnikolf (No. 32), Krohn (No. 25), and Giard 
(No, 12), etc. demonstrate that this jiaradoxical view is untenable, and 
tliat each ovum only gives rise to a single embryo, while the stellate systems 
are subsequently formed by budding. 


Natantia. fbir knowledge of the developracnt of Pyrosoma is 
mainly due to Huxley (No. 16) and Kowalevsky (No. 22). In 
each individual of a colony of Pyrosoma only a single egg comes to 
maturity at one time. This egg is contained in a capsule formed of 
a structurclc.ss wall lined by a flattened epithelioid layer. From this 
capsule a duct passes to the atrial cavity, which, though called the 
oviduct, functions as an afferent duct for the spermatozoa. 

The segmentation is meroblastie, and the germinal disc adjoins 
the opening of the oviduct. The segmentation is very similar to that 
which occurs in Teleostei, and at its close the genninal disc has the 
form of a cap of cells, without a trace of stratification or of a seg- 
mentation cavity, resting upon the surface of the yolk, which forms 
the main mass of the ovum. 

After segmentation the blastoderm, as we may call the layer of 
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cells derived from the germinal disc, rapidly spreads over the sur- 
face of the yolk, and becomes divided into two layers, the epiblast 
and the hypoblast. At the same time it exhibits a distinction into a 
central clearer and a peripheral more opaque region. At one end 
of the blastoderm, which for convenience sake may be spoken of as 
the posterior end, a disc of epiblast appears, which is the first 
rudiment of the nervous system, and on each side of the middle of 
the blastoderm there arises an epiblastic involution. The epiblastic 
involutions give rise to the atrial cavity. 

These involutions rapidly grow in length, and soon form longish 
tubes, opening at the surface by pores situated not far from the poste- 
rior end of the blastoderm. 


The blastoderm at this stage, as seen on the surface of the yolk, is 
shewn in fig, 12 A, It is somewhat broader than long. The nervous 



system is shewn at n, and 
at points to an atrial 
tube. A transverse sec- 
tion, through about the 
middle of this bhistoderm, 
is represented in fig. 1 2 B. 
The epiblast is seen above. 
On each side is the sec- 
tion of an atrial tube (at). 
Below is the hypoblast 
which is separated from 



the yolk especially in the 
middle line ; at each side 
it is beginning to grow in 
below, on the surface of 
the yolk. The space below 
the hypoblast is the ali- 


Fig. 12. 

A. Surface view of the ovum of Pvrosoma 
NOT FAR advanced IN DEVELOPMENT. Tht* embry- 
onic structures are developed from a disc-like blas- 
toderm. 

B. Transverse section through the middle 
part of the same blastoderm. 


mentary cavity, the ven- 
tral wall of which is form- 
ed by the cells growing 
in at the sides. Between 
the epiblast and hypoblast 
are placed scattered meso- 


whicl,ha«iotbe6oa<.tl, 

made out. 

In a later stage the openings of the two atrial tubes gradually 
travel backwards, and at the same time approximate, till finally they 
meet and coalesce at the posterior end of the blastoderm behind the 
nervous disc (fig, 13, cl). The tubes themselves at the same time 
be^me slightly constricted not far from their hinder extremities, and 
so divided into a posterior re^on nearly coterminous with the nervous 
system (fig. 13), and an anterior region. These two regions have very 
different histories in the subsequent development. 
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The nervous disc has during these changes become marked by a 
median furrow (fig. 13, ngr), which is soon converted into a canal 
by the same process as in the simple Ascidians, The closure 
of the groove commences posteriorly 
and travels forwards. These pro- 
cesses are clearly of the same nature 
as those which take place in Chor- 
data generally in the formation of 
tlie central nervous system. 

In the region of the germinal 
disc which contains the anterior part 
of the atrial tubes, the alimentary 
cavity becomes, by the growth of the 
layer of cells described in the last 
stage, a complete canal, on the outer 
wall of which the endostyle is formed 
as a median fold. The whole anterior 
part of the blastoderm becomes at 
the same time gradually constricted Fio. 13 . Bla8toi>erm of Pyrosoma 
off from the yolk shortly before its division into Cy- 

The fate of 'the anterior and SrskyT” 
posterior parts of the blastoderm is opening; <n. en- 

very difierent. The anterior part dostyle; ae. atrial cavity; nervous 

becomes segmented into four zooids , 

or individuals, cdled by Huxley «een toKf? 

Ascidiozooids, which give rise to a 

fresh colony of Pyrosoma, The posterior part forms a rudimentary 
zooid, allied by Huxley Cyathozooid, which eventually atrophies. 
These five zooids are formed by a process of embryonic fission. This 
fission commences by the appearance of four transverse constrictions 
in the anterior part of the blastoderm; by which the whole blastoderm 
becomes imperfectly divided into five regions, fig. 14 A. 

The hindermost constriction (uppermost in my figure) lies just 
in front of the pericardial cavity; and separates the Cyathozooid 
from the four Ascidiozooids. The three other constrictions mark oft‘ 


the four Ascidiozooids. The Cyathozooid remains for its whole 
length attached to the blastoderm, which has now nearly enveloped 
the yolk. It contains the whole of the nervous system {ng\ which 
is covered behind by the opening of the atrial tubes {cl). The 
alimentary tract in the Cyathozooid forms a tube with very delicate 
walls. The pericardial cavity is completely contained within the 
Cyathozooid, and the heart itself {hi) has become formed by an invo- 
lution of the walls of the cavity. 

The Ascidiozooids arc now completely separated from the yolk. 
They have individually the same structure as the undivided rudiment 
from which they originated ; so that the organs they possess are 
simply two atrial tubes, an alimentary tract with an endostyle, and 
undifferentiated mesoblast cells. 


22 


PYROSOMA. 


In the following stages the Ascidiozooids grow with great rapidity. 
They soon cease to lie in a straight line, and eventually form a ring 
round the Cyathozooid and attached yolk sack. 

While these changes are being accomplished in the external form 
of the colony, both the Cyathozooids and the Ascidiozooids progress 
considerably in development. In the Cyathozooid the atrial spaces 
gradually atrophy, with the exception of the external opening, which 
becomes larger and more conspicuous. The heart at the same time 
comes into full activity and drives the blood through the whole colony. 
The yolk becomes more and more enveloped by the Cyathozooid, and 
is rapidly absorbed; while the nutriment derived from it is transported 
to the Ascidiozooids by means of the vascular connection. The 
nervous system retains its previous condition ; and nmnd the Cya- 
thozooid is formed tlie test into wdiich cells migrate, and arrange 
themselves in very conspicuous hexagonal areas. The delicate ali- 
mentary tract of the C'yathoz(M)id is still continuous with that of 
the first Ascidiozooid. After the Cvathozooid has reached the 
development just described it commences to atrophy. 

The changes in the Ascidiozooids are even njore considerable than 
those in the Cyathozooid. A nervous system appears as a fresh 



Fig. 14. Two stages in the development ok Pvkosoma in which the Cyatuozooii* 
AND FOUR Ascidiozooids are ali:kai»y distinctly foumeil (After Kowalovsky.) 

cy. cyathozooid; as, ascidiozooid; ng, nervous groove ; hi. heart of cyathozooid ; 
cl. cloa(^ opening. 

formation close to the end of each AM-idiozooid turned towards the 
Cyathozooid. It forms a tube of which the open i'ront end eventually 
develops into the ciliated pit of the mouth, and the remaindt'r into 
the actual nervous ganglion. Between the nervous system and the 
endostyle an involution appears, which gives rise to flic mouth. On 
each side of the primitive alimentary cavity of each Ascidiozooid 
branchial slits make their appearance, leading into the atrial tubes; 
so that the primitive alimentary tract becomes converted into the 
branchial sacks of the Asciiliozisiids. The remainder of the alimen- 
tary tract of each zooid is foimed as a hu<l from the liind end of the 
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branchial sack in the usual way. The alimentary tracts of the four 
Ascidiozooids are at first in free communication by tubes opening 
from the hinder extremity of one zooid into the dorsal side of the 
branchial sack of the next zooid. At the hinder end of each Ascidio- 
zooid is developed a mass of fatty cells known as the elaeoblast, 
which probably represents a rudiment of the larval tail of simple 
Ascidians. (Of. pp. 25 and 26.) 

The further changes consist in the gradual atrophy of the Cyatho- 
zooid, which becomes more and more enclosed within the four Asci- 
diozooids. These latter become completely enveloped in a common 
test, and form a ring round the remains of the yolk and of the 
Cyathozooid, the heart of which continues however to beat vigor- 
ously. The cloacal opening of the Cyathozooid persists through 
all these changes, and, after the (vyathozooid itself has become com- 
pletely enveloped in the Ascidiozooids and finally absorbed, deepens 
to form the common cloacal cavity of the Pyrosoma colony. 

The main parts of the Ascidiozooids wore already formed during 
the last stage. The zooids long remain connected together, and 
united by a vascular tube with the Cyathozooid, and these connec- 
tions arc not severed till the latter completely atrophies. Finally, 
after the absor|)tion of the Cyathozooid, the Ascidiozooids form a 
rudimentary colony of four individuals enveloped in a common test. 
The two atrial tubes of each zooid remain separate in front but unite 
posteriorly. An anus is formed leading from the rectum into th(‘ 
common posterior part of the atrial cavity; and an opening is estab- 
lished between the posterior end of the atrial cavity of each Ascidio- 
zooid and the common axial cloacal cavity of the whole colony. Tlio 
atrial cavities in Pyrosoma are clearly lined by epiblast, just as in 
simple Ascidians. 

When the young colony is ready to become free, it escapes from 
the atrial cavity of tlic parent, and increases in sizo by budding. 

DoliolidSB. The sexually developed embryos of Doliolum have been 
observed by Krolin (No. 23), (legenbaur (No. 10), and Kefemtein and 
Ehlei-s (No. 17); but the details of the development have been very im- 
perfectly investigated. 

The youngest embryo observed wa.s envelop(*d in a large oval transparent 
covering, the exact nature of which is not clear. It is perhaps a larval 
rudiment of the test which would seem to he absent in the adult. Within 
this covering is the larva, the main organs of whieh are already developed ; 
and which primarily ditfei*s from the adult in the possession of a larval tail 
similar to that of sim])le Ascidians, 

In the body both oral and atrial opebings are present, the latter on the 
dorsal surface ; and the alimentary tract is fully established. The endostyle 
is already formed on the ventral wall of the branchial sack, but the 
branchial slits are not present. Nine museular rings are already visible. 
The tail, though not so developed as in the simple Ascidians, contains an 
axial notochord of the usual structure, and lateral muscles. It is inserted 
on the ventral side, and by its slow movements tht‘ larva progresses. 
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In succeeding stages the tail gradually atrophies, and the gill slits, four 
in number, develop; at the same time a process or stolon, destined to 
give rise by budding to a second non-sexual generation, makes its appear- 
ance on the dorsal side in the seventh intor-muscular space. This stolon is 
comparable with that which appears in the embryo of Salpa. When the 
tail completely atrophies the larva leaves its transparent covering, and 
becomes an asexual Doliolum with a dorsal stolon. 

S&lpidSB* -A.S is well known the chains of Salpa alone are sexual, and 
from each individual of the chain only a single embiyo is produced. The 
ovum from which this embryo takes its oi*igin is visible long before the 
separate Salps of the chain have become completely developed. It is en- 
veloped in a ca])sule coiitiuuotis with a duct, which opens into the atrial 
cavity, and is usually spoken of as the oviduct. The capsule with the 
ovum is enveloped in a maternal blood sinus. Embryonic development 
commences after the chain has become broken iij), and the spermatozoa 
derived from another individual would seem to be introduced to the ovum 
through the oviduct. 

At the commencement of embiyonic development the oviduct and ovi- 
capsule undergo peculiar changes; and in part at least give rise to a 
structure subservient to the nutrition of the embryo, known as the placenta. 
These changes commence with the shortening of the oviduct, and the dis- 
apj)eapance of a distinction betwetui oviduct and ovicapsule. The cells 
lining the innermost end of the capsule, i.e. that at the side of the ovum 
turned away from the atrial cavity, become at the same time very columnar. 
The part of the oviduct between the ovum and the atiial cavity dilates 
into a sack, communicating on the one hand with the atrial cavity, and 
on the other by a very naiTow opening with the chamber in which th(^ egg 
is contained. This sack next becomes a j)rominenco in th(‘ atrial ctivity, 
and eventually constitutes a brood-pouch. The i)rominence it forms is 
covered by the lining of tlie atrial cavity, immediately within which is the 
true wall of the sack. Tlie external o]>pning of the sack becomes gradually 
naiTOwed and finally disapp'ai's. In the meantime the chamb<^r in which 
the embryo is at first placed acquires a larger and larg<*r op(‘ning into the 
sack; till finally the two chambers unite, and a single brood-pouch contain- 
ing the embryo is thus produced. Tin* inner wall of the chamber is 
foniied by the columnar cells alrea<ly spoken of. They form the rudiment 
of the j>lacenta. The double wall of the outer part of the brood-})ouch 
becomes stretched by the growtli of the embryo ; the inner of its two layers 
then atrophies. The outer layer siib.se<juently gives way, and bciconuis rolled 
back so as to lie at the inner end of the embryo, leaving the latter projecting 
freely into the atrial cavity. 

While these changes are taking place the j>lacenta Iw^coines fully 
developed. The fii-st nidiment of it con.sists, according to Salensky, of the 
thickened cells of the ovicapsule only, though this view is dissented from 
by Brooks, Todaro, etc. Its cells swai divide to fonn a largish mass, 
which becomes attached to a part of the eynblast of the embryo. 

On the formation of the body cavity of tlie embryo a central 
axial portion of the i)lacent4i becomes separated from a |Hjrip]ieml layer; 
and a channel is left between them which leads from a maternal blood 
sinus into the embryonic body cavity. The peripheral layer of the placenta 
is formed of cells continuous with the epiblast of the embryo; while the 
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axial portion is constituted of a disc of cells adjoining the embryo, with a 
column of fibres attached to the maternal side. The fibres of this column 
are believed by Salensky to be products of the original rudiment of the 
placenta. The placenta now assumes a more spherical form, and its cavity 
becomes shut off from the embryonic body cavity. The fibrous column 
breaks up into a number of strands perforating the lumen of the organ, 
and the cells of the wall be(.ome stalked bodies projecting into the lumen. 

When the larva is nearly ready to become free the placenta atrophies. 

The placenta functions in the nutrition of the embryo in the following 
way. It projects from its first formation into a maternal blood sinus, and, 
on the apj)earance of a cavity in it continuous with the body cavity of 
the embryo, the blood of the mother fully intermingles with that of the 
embryo. At a later period the communication with the body cavity of 
the embryo is shut off, but the cavity of the placenta is supplied with a 
continuous stream of maternal blood, which is only separated from the foetal 
blood by a thin partition. 

It is now necessary to turn to the embryonic development about which 
it is unfortunattdy not as yet possible to give a completely satisfactory 
account. The statements of the different investigatoi's contradict each 
other on moat fundamental points. I have followed in the main Salensky 
(No. 34), but have also called attention to some points where his obser- 
vations diverge most from those of other writers, or where they seem 
unsatisfactory. 

The development commences at about the period when the brood-pouch 
is becoming fonned ; and the ovum passes entirely into the brood-i>ouch 
before the segmentation is completed. The segmentation is i^egular, and 
the existence of a segmentation cavity is denied by Salensky, though 
affirmed by K(»w’alevsky and Todiiro*. 

At a certain stage in the .s<‘ginentiition the cells of the ovum become 
divided into two lji\ers, an epiblast investing the whole of the ovum with 
the excej)ti()n of a small area adjoining the placenta, where the imier layer 
or hypoblast, which forms the main mass of the ovum, projects at the 
suiface. The epiblast soon covers the whole of the hypoblast, so that there 
■would seem (according to Salensky s obs^u'vations) to be a kind of epibolic 
invagination: a conclusion supj»orted by Todaro’s figures. 

At a later stage, o»i one side of the free aj)ex of the embryo, a meso- 
blastic layer makes its {i]»])earaiice between the epiblast and liypoblast. 
Tliis layer is (lt*riv(»d by Salensky, as it appears to me on insufficient 
grounds, from the epiblast. Nearly at the same time there arises not far 
from the same point of the embryo, but on the opposite side, a solid 
thickening of (‘piblast which forms the rudiment of the nervous system. 
Tim nervous system is placed close to the front end of the body; and nearly 
at tin' opposite )>ole, and tln'rt'fore at the bind end, there api>ears immedi- 
ately Ix'low the epiblast a mass (»f cells forming a pi*ovisional organ known 
as the eheoblast. To<laro ivgaids this organ as mesoblastic in origin, and 
Salensky as hypoblast ic. Tlie organ is situated in the position which 
would be occupied by the larval tail were it develoj»ed. It may pi*obably 
be regarded (Salensky) as a disiippearing rudiment of the tail, and be 

‘ From Todaro’H latest paimr (No. 39) it would seem the segmentation cavity has 
Nery peculiar ndatioiis. 
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compared in this respect with the more or less similar mass of cells 
described by Kxiptfer in Molgula, and with the elaeoblast in Pyrosoma. 

After the differentiation of these organs a cavity makes its appearance 
between the epiblast and hypoblast, which is regarded by Salensky as the 
body cavity. It appears to be equivalent to the segmentation cavity of 
Todaro. According to Todaro^s statements, it is replaced by a second cavity, 
which appears between the splanchnic and somatic layers of mesoblast, and 
constitutes the true body cavity. The embryo now begins to elongate, 
and at the same time a cavity makes its aj)pearance in the centre of the 
hypoblast cells. This cavity is the rudiment of the branchial and alimentaiy 
cavities: on its dorsal wall is a median projection, the rudiment of the so- 
called gill of Salpa. 

At two points this cavity comes into close contact with the external skin. 
At one of these, situated immediately venti-al to the nervous system, the 
mouth becomes formed at a later period. At the other, placed on the 
dorsal surface between the nervous system and the elaeoblast, is formed 
the cloacal aperture. 

By the stage under consideration the more important systems of organs 
are established, and the remaining embryonic history may be very briefly 
narrated. 

The embryo at this stage is no longer covered by the walls of the 
brood-pouch but projects freely into the atrial cavity, and is only attached 
to its parent by means of the i)lacenta. The epiblast cells soon give rise 
to a deposit which forms the mantle. The deposit appears liowever to be 
formed not only on the outer side of the epiblast but also on the inner side ; 
so that the epiblast becomes cemented to the sul>jacent parts, branchial 
sack, etc., by an intercellular layer, which would seem to All up the primi- 
tive iKxly cavity with the exception of the vascular channels (Salensky). 

The nervous system, after its se]>aration from the epiblast, ac(|uires a 
central cavity, and subsequently l>ecomes divideil into three lobes, each with 
an internal protuberance. At its anterior extn*mity it o]>ens into the 
branchial sack ; and from this part is develo)H*d the ciliated pit of the 
adult. The nervous ganglion at a later ]»eriod l>ecoiues solid, and a median 
eye is subsecjueutly formed as an outgrowth from it 

According to Todaro there are further formed two small auditory 
(] olfactory) sacks on the ventral surface of the brain, ejuih of them placed 
in communication with the branchial cavity by a narrow canal. 

The mesoblast giv^es rise to the muscles of the branchial sack, to the 
heart, and to the pericardium. The two latter are situated on the ventral 
side of the posterior extremity of the branchial cavity. 

Brarwhial sack and aJiimidary tract. The first devf‘lo[)ment of the 
enteric cavity has already been described. I'lie true alimentary tract is 
formed as a bud from the hinder end of the primitive cavity. The remain- 
der of the primitive cavity giv<*s riM*. to the bnAiichial sack. The so-calleil 
gill has at first the form of a lamella atUched dorsally to the walls of the 
branchial sack; but its attacbrnent laicomes H(*vered <*xe< pt at the two ends, 
and it then forms a band stretching obliquely across the branchial cavity, 
which subsequently b€*coines hollow and filhai with blood coi puscles. The 
whole structure is probably homologous with the peculiar fold, usually pro- 
longed into numerous processes, which noriiially |»i'ojects from the dorsal 
wall of the Ascidian branchial sjick. 
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Oil the completion of the gill the branchial sack becomes divided Into a 
region dorsal to the gill, and a region ventral to it. Into the former the 
single atrial invagination opens. No gill slits are formed comparable with 
those in simple Ascidians, and the only representative of these structures 
is the simple communication which becomes established between the dorsal 
division of the branchial sack and the atrial opening. The whole branchial 
sack of Sal pa, including both the doraal and ventral divisions, corresponds 
with the branchial sack of sim^de Ascidians. On its ventral side the 
endostyle is formed in the normal way. The mouth arises at the point 
already indicated near the front end of the nervous system ^ 

^ Brookfl takes a very different view of the nature of the parts in Salpa. He says, 
No. 7 , p. 322, “The atrium of Balpa, when first observed, was composed of two broad 
“ lateral atria within the body cavity, one on each side of the branchial sack, and a very 
“ Hiiiall mid-atrium... The lateral atria do not however, as in most Tunicata, remain 
“ connected with the mid-atriuin, and unite with the wall of the branchial sack to 
“ form the branchial slits, but soon become entirely separated, and the two walls of 
“ each unite so as to form a broad sheet of tissue, which soon splits up to form the 
“ muscular bands of the branchial sack.” Aj^ain, p. 324, “During the changes which 
“ have lieeu described as taking place in the lateral atria, the mid-atrium has increased 
“ in sii'o. The brancliial and atrial tunics now unite upon each side, so that the 
“ sinus IS converted into a tube which communicates, at its posterior end, with the 
“ heart and perivisceral sinus, and at the anterior end with the neural sinus. This 
“ tube is the gill....Tlie centres of the two regions upon the sides of the gill, where 
“ these two tissues have become united, are now absorbed, so that a single long and 
“ narrow branchial slit is produced on each side of the gill. The branchial cavity is 
“ thus tlirown into communication with the atrium, and the upper surface of the lat- 
ter now unites with tlie outer tunic, and the external atrial opening is formed by 
“ absorption.” 

The above description would imply that the atrial cavity is a space lined by meso- 
blast, a view which would upset the whole moqdiology of the Ascidians. Salensky’s 
account, which implies only an immense itHluctmn in the size of the atrial ca^ ity as 
compared with i»ther types, appears to me far more probable. The lateral atria of 
Brooks appear to be simply parts of tlie body ca\ity, and baie eertainly no connection 
with the lateral atria of simple Ascidians or l\\rosoma. 

The observations of Tinlaro ujKm Salpa (No. 38 ) aie very remarkable, and illustrated 
by beautifully engraved plates. His interpretations do not however appear quite satis- 
factory. Tlie following is a brief statement of some of his results. 

During segmentation there arises a la>er of small superficial cells (epiblast) and 
a central layer of larger cells, which becomes separated from the former by a segmen- 
tation cavity, except at the iKiIe adjoining the fiee end of the brood-pouch. At tliis jioiiit 
the epiblast cells become iuvaginated into the central cells and form the alimentan 
tract, while the primitive central cells remain as the mesoblast. A fold arises from thi* 
epiblast which Todaro compares to the vertebrate amnion, but the origin of it is un- 
fortunately not satisfactorily described. The folds of the amnion project towards the 
placenta, and enclose a cavity which, as the folds never completely meet, is permauentl} 
open to the maternal blood siniiB. This cavity corresjiODds with the cavity of the true 
amnion of higher Vertebrates. It forms tlie cavity of the placenta already described. 
Bc'tween the two folds of the amnion is a cavity corresponding with the vertebrate 
false amnion. A stnicture regardinl by Todaro as the notochord is formetl on the neck, 
connecting the involution of the alimentary tract with the exterior. It has only a very 
transitoiy existence. 

In the later stages the segniGiitation cavity disappears and a trao body cavity is 
formed by a split in the mesoblast. 

Todaro’s interpn^tations, and in part his descriptions also, both with reference to the 
notochord and amnion, appear to me quite inadmissible. About some other parts of 
his descriptions it is not ixissible to form a satisfactory judgment. He has ixicently 
published a sliort pa]>cr on this subject (No. 39 ) preliminary to a larger memoir, which is 
very diflioult to understand in tlie abseuco of plates. He finds how'ever in the placenta 
various ports wliieb he regards as homologous with the decidua vera and reflexa of 
Mammalia. 
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Development of the diain of seznal Salps. My description of 

the embryonic development of Salpa would not be complete without some 
reference to the development of the stolon of the solitary generation of 
Salps by the segmentation of which a chain of sexual Salps originates. 

The asexual Salp, the embryonic development of which has just been 
described, may be compared to the Cyathozooid of Pyrosoma, fix)m which 
it mainly differs in being fully developed. While still in an embryonic 
condition it gives rise to a process or stolon, which becomes divided into a 
number of zooids by transverse constrictions, in the same manner that part 
of the germ of the ovum of Pyrosoma is divided by transverse constrictions 
into four Ascidiozooids. 

The stolon arises as a projection on the right side of the body of the 
embryo close to the heart. Ic is formed (Salensky, No. 35 ) of an outgrowth 
of the body wall, into which there grow the following stinictures : 

(1) A centml hollow process from the end of the respiratory sack. 

(2) A right and left lateral prolongation of the, jiericardial cavity. 

(3) A solid j»rocess of cells on the ventral side derived from the SJiine 
mass of the cells as the elieoblast. 

(4) A ventral and a dorsal blood sinus. 

Besides these parts there appears on the dorsal side a hollow tube, the 
origin of which is unknown, which gives rise to the neiwous system. 

The hollow process of the res]»iratory Siick is purely provisional, and 
disappears without giving rise to any permanent structure. Tlie right and 
left prolongations of the pericardial cavity Injcoine solid and eventually 
give origin to the mesoblast. The ventral process of cells is the most 
important structure in the stolon in that it gives rise both to tlie alimentary 
and respiratory sacks, and to the generative organs of the sexual Salj) 8 . 
The stolon containing the organs just enumerated becomes divided by 
transverse constrictions into a numbtir of rings. Tliestt rings do not long 
remain complete, but become interrupted doi-sally and ventrally. The imper- 
fect rings so formed soon overlap, and each of them eventually gives rise to a 
sexual Salp. Although the stolon arises wliih* the a.sexual Salp is still in 
an embryonic condition, it does not become fully develojxjd till long after 
the asexual Salp has attained matiirity. 

Appendicolana. Our only knowledge of the development of A p|>im- 
dicularia is derived from FoYh memoir on the group (No. 8 ). He simply 
states that it develops, as fur as he was able to follow, like other Ascidiuns; 
and that the extremely minute size of tlie egg preventxjd him from ]>ursuing 
the subject. He also states that the pair of jK>n»,s leading from the bran 
chial cavity to the exterior is develo[K*d from epiblastic involutions meeting 
outgrowths of the wall of the branchial .sack. 


Metagenesis, 

... “ost remarkalde phenomena in connection with the 

life history of many Ascidians is the occurrence of an alternation of 
sexual and gemmiparous generations. This alternation apiwars to 
V ™ ® complication of the process of reproduction by 

budding, which is so common in this group. The mode in which this 
very probably took place will be best understood by tracing a series 
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of transitional cases between simple budding and complete alternations 
of generations. 

In the simpler cases, which occur in some Composita Sedentaria, 
the process of budding commences with an outgrowth of the body 
wall into the common test, containing a prolongation of part of the 
alimentary tract \ 

Between the epiblastic and hypoblastic layers of the bud so 
formed, a mesoblastic and sometimes a generative outgrowth of the 
parent also appears. 

The systems of organs of the bud are developed from the corre- 
sponding layers to those in the embryo®. The bud eventually becomes 
detached, and in its turn gives rise to fresh buds. Both the bud and 
its parent reproduce sexually as well as by budding : the new colonies 
being derived from sexually produced embryos. 

The next stage of complication is that found in Botryllus (Krohn, 
Nos. 25 and 26). The larva produced sexually gives rise to a bud 
from the right side of the body close to the heart. On the bud 
becoming detached the parent dies away without developing sexual 
organs. The bud of the second generation gives rise to two buds, 
a right one and a left one, and like the larva dies without reaching 
sexual maturity. The buds of the third generation each produce 
two buds and then suffer the same fate as their parent. 

The buds of the third generation arrange themselves with their 
cloacal extremities in contact, and in the fourth generation a common 
cloaca is formed, and so a true radial system of zooids is established; 
the zooids of which are not however sexual. 

The buds of the fourth generation in their turn produce two or 
three buds and then die away. 

Fresh systems become formed by a continuation of the process of 
budding, but the zooids of the secondary systems so formed are 
sexual. The ova come to maturity before the spermatozoa, so that 
cross fertilization takes place. 

In Botryllus we have clearly a rudimentary form of alternations 


^ It is not within the scope of this work to enter into details with reference to the 
process of budding. The reader is referred on this head morc esixjcially to the papers 
of Huxley (No. 16) and Kowalevsky (No. 11) on Pyrosoma, of Salensky (No. 35) on 
balpa, and Kowalevsky (No. ai) on Ascidians generally. It is a question of very great 
interest how budding first arose, and then became so prevalent in these degenerate types 
of Chordata. It is possible to suppose that budding may have commenced by the 
division of embryos at an early stage of development, and have gradually l)een carried 
onwards by the help of natural selection till late in life. There is perhaps little in the 
form of budding of the Ascidians to support this view— the early budding of Didemnum 
as described by Gegonbaur being the strongest evidence for it — but it fits in very weU 
with the division of the embiyo in Lmnbricus traix^zoides described by Kleinenberg, 
and with the not unfrequent occurrence of double monsters in Vertebrata which may 
be regarded as a phenomenon of a similar nature (Rauber). The embryonic budding 
of I^osoma, which might perhaps be viewed as supporting the hypotliesis, appears to 
me not really in favour of it; since the Cyathozooid of Pyrosoma is without doubt an 
extremely modified form of zooid, which has obviously been specially developed in oou- 
ncotion with the peculiar reproduction of the Pyrosomidie. 

* The atria] spaces form somewhat doubtful exceptions to the rule. 
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of generations, in that the sexually produced larva is asexual, and, 
after a series of asexual generations, produced gemmiparously, there 
appear sexual generations, which however continue to reproduce 
themselves by budding. 

The type of alternations of generations observable in Botryllus 
becomes, as pointed out by Huxley, still more marked in Pyrosoma. 

The true product of the ovum is here {vide p. 21) a nidimentary 
individual called by Huxley the Cyathozooid. This gives rise, while 
still an embryo, by a process equivalent to budding to four fully 
developed zooids (Ascidiozooids) similar to the parent form, and itself 
dies away. The four Ascidiozooids form a fresh colony, and repro- 
duce (1) sexually, whereby fresh colonies are formed, and (2) by 
ordinary budding, whereby tlie size of the colony is increased. All 
the individuals of the colony are sexual 

The alternation of generations in Pyrosoma widely differs from 
that in Botryllus in the fact of the Cyathozooid differing so markedly 
in its anatomical characters from the ordinary zooids. 

In Salpa the process is slightly difterentl The sexual forms 
are ?}ow incapable of hudding, and, although at first a series of 
sexual individuals are united togetlier in tne form of a chain, so 
JUS to form a colony like Pyrosoma or Botryllus, yet they are so 
loosely connected that they separate in the adult state. As in 
Botryllus, the ova are ripe before the spermatozoa. Each sexual 
individual gives rise to a single (offspring, which, while still in the 
embryonic condition, buds out a ‘stolon’ from its right ventral side. 
This stolon is divided into a series of lateral bud.s after the solitary 
sexual Salp has begun to lead an independemt exi.stence. The solitary 
sexual Salp clearly corresponds with the Cyathozooid of Pyrosoma, 
though it has not, like the Cyathozooid, undergone a retrogressive 
metamorphosis. 

By far the mo.st complicated form of alternation of generations 
known amongst the As<'idijin.s is that in D<diolum. The di.scovery of 
this metarnorpho.sis was made by Gegenbaur (No. lo). l’h(‘ sexual 
fam of Doliolum is somewhat cask-shaped, with ring-like muscular 
bands, and the oral and atrial ajxn tures place<l at opposite ends of the 
ca.sk. The number of gill slits v aries according to the species. The ovum 
gives rise, as already described, to a taihxl embryo which subsequently 
develops into a ca.sk-shaj)ed asexual form. On attaining its full size 
it loses its branchial sack and alimentary’ tract. While still in the 
embryonic condition, a stolon grows out from its dortud side in the 
seventh intermiuscular spjice. The stolon, like that in Salpa, contains 
a prolongation of the branchial sack*. 

On this stolon there develop two entirely different types of buds, 
(1) lateral buds, (2) dorsal median buds. 

1 Vide p. 28. 

* I draw this conclunion from Gcgcnhaar*8 fig. (No. lo), PI. xvi., fig. 15. The 
body {x) jn the figure apiKiara to me without doubt tbe rudiment of the stolon, and 
not. as believed by Gegenbaur, the larval tall. 
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The lateral buds are developed in regular order on the two sides 
of the stolon, and the most advanced buds are those furthest removed 
from the base. They give rise to forms with a very different organ- 
ization to that of the parent. They are compared by Gegenbaur to 
a spoon, the bowl of which is formed by the branchial sack, and the 
handle by the stalk attaching the bud to the stolon. The oral open- 
ing into the branchial sack is directed upwards : an atrial opening is 
remarkably enough, not jiresent The branchial sack is perforated by 
numerous openings. It leads into an alimentary tract which opens 
directly to the exterior by an anus opposite the mouth. 

The stalks attaching the more mature buds to the stolon are 
j)rovided with ventrally directed scales, which completely hide the 
stolon in a view from the ventral surface. 

These buds have, even after their detachment, no trace of genera- 
tive organs, and shew no signs of reproducing themselves by budding. 
Their eventual fate is unkn(»wn. 

The median dorsal buds have no such regular arrangement as the 
lateral buds, but arise in irregular bunches, those furthest removed 
from the l)ase of the stolon being however the oldest. These buds 
?ire {dmost exactly similar to the original sexual form ; they do not 
acipiire sexual (irgans, but are provided with a stolon attached on the 
ventral side, in the sixth inter-muscular space. 

This stolon is simply the stalk by which each median bud was 
primitively attached to the stolon of the first asexual form. 

From the stolon of tlui me<liaii buds of the second generation 
buds are d(‘vel(»pe<l which grow into the sexual forms. 

The generations of Doliolum may be tabulated in the following 
way. 

Sexual gc'ueration, 

Ist asexual form with dorsal stolon, 

[ 

spoondiko forms de^^•loJK-d as 2nd asexual forms devcloi>cd as 

lateral buds (rventual histoi'y median buds with ventral stolon, 

unknown). | 

sexual generation. 
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ELASMOBRANCHII. 


The impregnation of the ovum is effected in the oviduct. In most 
forms the whole of the subsequent development, till the time when 
the embryo is capable of leading a free existence, takes place in the 
uterus; but in other cases the egg becomes enveloped, during its 
passage down the oviduct, first in a layer of fluid albumen, and finally 
in a dense horny layer, which usually takes the form of a quadrilateral 
capsule with characters varying according to the species. After the 
formation of this capsule the egg is laid, and the whole of the develop- 
ment, with the exception of the very first stages, takes place exter- 
nally. 

In many of the viviparous forms (Mustelus, Galeus, Carcliarias, 
Sphyrna) the egg is enclosed, during the early stages of development 
at any rate, in a very delicate shell homologous with that of the 
oviparous forms ; tliere is usually also a scanty albuminous layer. 
Both of these arc stated by Gcrbe (No. 42) to be absent in Squalus 
spinax. 

The following are exainpU^s of viviparous genera: Hexanchus, Noti- 
clanus, Acanthius, Scynmus, Galeus, Squalus, Mustelus, Carcliarias, Sphyrna. 
Squatina, Torjiedo; and the following of ovij>arous genera: Soylliiun, Pris 
tiurus, Cestracion, Raja*. 

The ovum at the time of impregnation has the form of a large 
spherical mass, similar to the yolk of a bird’s egg, but without u 
vitelline membrane^. The greater part of it is formed of peculiar 
oval spherules of food-yolk, held together by a protoplasmic network. 
The protoplasm is especially concentrated in a small lons-shaped area, 
known as the germintU disc, which is not separated by a sharp line 
from the remainder of the ovum. Yolk spherules are present in this 
disc as elsewhere, hut arc much smaller and of a different character. 
The segmentation has the normal merohlastic character (fig. 15) and 
is confined to the germinal disc. Before it commences the germinal 

* For further detoile. vidt^ Miiller (No. 48). * Vol. i., p. 50. 
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disc exhibits amoeboid movements. During the segmentation nuclei 
make their appearance spontaneously (?) in the yolk adjoining the 
germinal disc (fig. 15, nx), and around them portions of the yolk with 
its protoplasmic network become segmented off. Cells are thus 
formed which are added to those resulting from the segmentation 
proper. Even after the segmentation numerous nuclei are present in 
the granular matter below the blastoderm (fig. IG A, 7?'); and around 
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n, nucleus; nr. nucleus modified prior to division; nr\ modified nneleus in tlic 
yolk; /. furrow appealing in the yolk adjacent to the germinal disr. 

these cells are being continually formed, wliich enter the blastoderm, 
and are more especially destined to give rise to the hypoblast. The 
special destination of many of these cells is spoken of in detail below. 

At the close of segmentation the blastoderm forms a somewhat 
lens-shaped disc, thicker at one end than at the otlier ; the thicker 
end being the embryonic end. It is diviiled into two strata — an 
upper one, the epiblast — formed of a single row of columnar cells; 
and a lower one, tlie primitive hypoblast, consisting of the remaining 
cells of the blastoderm, and forming a mass several strata deep. 
These cell.s will be spoken of as the lower layer (‘ells, to distinguish 
them from the true hypoblast which is one of their products. 

A cavity very soon appears in the lower layer cells, near the non- 
embiyonic end of the blastoderm, but the cells afterwards disappear 
from the floor of this cavity, wliich then liivs betwetai tlie yolk and 
the lower layer cells (fig. 16 A, sc). This cavity is the segmentation 
cavity equivalent to that present in Ainphioxus, Amphibia, etc. The 
chief peculiarity about it is the relatively late peri<Hl at wliicli it 
makes its appearance, and the fact that its roof is formed both by the 
epibla.st and by the lower layer cell.s. Owing to the large size of 
the segmenbition cavity the blastoderm forms a thin layer above the 
cavity and a thi(;kened ridge round its edge. 

The epiblast in the next stage is inflected for a small arc at the 
embryonic end of the blastodcnn, where it becomes continiiou.s with 



ELASMOBRAFCHII. 


35 


the lower layer cells ; at the same time some of the lower layer cells 
of the embryonic end of the blastoderm assume a columnar form, 



Fl(i. ir». Two LOKOITrniNAI. BECTIONg OF THE BLAKTODERM OF A PrISTIUREB EMBRYO 
DURING HTAOKH PRIOR TO THE FORMATION OF THE MEDULLARY GROOVE. 

rp. epiblaHt; U. lower layer cells or primitive hjTpoblast ; m. mesoblast; h-y. hypo- 
blast; «r. segmentation cavity; ea. embryo swelling; n\ nuclei of yolk; er. embryonic 
rirn, c. lower layer cells at the nou-embr>*onic end of the blastoderm. 

and constitute the true hypoblast. The portion of the blastoderm, 
where epiblast and hypoblast are continuous, forms a projecting 
structure which will be called the embryonic rim (fig. IG B, er). 
This rim is a very important structure, since it represents the 
<lorsal portion of the lip of the blastopore of Amphioxus. The space 


ep 



Fig. 17. Longitudinal section throu*;!! the blastodfrm ok a Pristiurus 

EMIUIYO OF THE SAME AGE AS FIG. 28 P. 

ep. epiblast; er. embryonic rim; m. mcNoblast; nl. mcscntcron. 

between it and the yolk represents the commencing mesenteron, of 
wliich the hypoblast on the under side of the lip is the dorsal wall. 
The ventral wall of the mesenteron is at first fonned solely of yolk 
lield together by a protoplasmic network with numerous nuclei. The 
cavity under the lip becomes rapidly larger (fig. 17, a/), owing to the 
continuous conversion of lower layer cells into columnar hypoblast 
along an axial line passing from the middle of the embryonic rim 
towards the centre of the blastodenn. The continuous difierentiation 
of the hypoblast towards the centre of the blastoderm corresponds 
with the invagination in Amphioxus. During the formation of the 
embryonic rim the blastoderm grows considerably larger, but, with the 
exception of the formation of the embryonic rim, retains its primitive 
constitution. 

The segmentation cavity undergoes however important changes. 
There is formed below it a floor of lower layer cells, derived partly from 

:i— 2 
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an ingrowth from the two sides, but mainly from the formation of 
cells around the nuclei of the yolk (fig. 16). Shortly after the floor 
of cells has appeared, the whole segmentation cavity becomes oblite- 
rated (fig. 17). 

The disappearance of the segmentation cavity corresponds in point 
of time with the formation of the hypoblast by the pseudo-invagina- 
tion above described; and is probably due to this pseudo-invagination, 
in the same way that the disappearance of the segmentation cavity 
in Amphioxus is due to the true invagination of the hypoblast. 

When the embryonic rim first appears there are no external 
indications of the embryo as distinguished from the blastoderm, but 
when it has attained to some importance the position of the embryo 
becomes marked out by the appearance of a shield-like area extending 
inwards from the edge of the embryonic rim, and formed of two folds 
with a groove between them (fig. 28 B, mg)y which is deepest at tlie 
edge of the blastoderm, and shallows out as it extends inwards. This 
groove is the medullary groove ; and its termination at the edge of 
the blastoderm is placed at the hind end of the embryo. 

At about the time of its appearance the mesoblast becomes first 
definitely established. 

At the edge of the embryonic rim the epiblast and lower layer 
cells are continuous. Immediately underneath the medullary groove^, 
as is best seen in transverse section (fig. 18), the whole of the lower 
layer cells become converted into hyix)blast, and along this line the 
columnar hypoblast is in contact with the epibhist above. At the 

sides however this is not the 
ca.se ; but at the junction of the 
epiblast and lower layer cells 
the latter remain undifferenti- 
ated. A short way from the 
i dge the lower layer cells be- 
come divided into two distinct 




Flo. 18. T \^0 TUANKVKltSK hhCTIONK f»F 

AN EMTIRTO OF THE HAIfE AGE AH FIG. 17. 

A. Anterior Boction. 

B. Posterior section. 

mg. medullary groove ; ep. epiblast ; /iw. 
hypoblast; n,al. cells formed round the 
nuclei of the yolk which have entered the 
hypoblast; m. mesoblast. 

The sections show the origin of the 


layers, a lower one continuous 
with the hypoblast in the mid- 
dle line, and an upper one be- 
tween this and the epiblast (fig. 
18 B). The upper layer is the 
commencement of the mesoblast 
(?n). The mesoblast thus arises 
as two independent lateral 
plates, one on each side of the 
medullary groove, which are con- 
tinuous behind with tlie un- 
differentiated lower layer cells 
at the edge of the embryonic 
rim. The mesoblast plates are 
at first very short, and do not 
extimd to the front en<l of the 
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embryo. They soon however grow forwards as two lateral ridges, 
attached to the hypoblast, one on each side of the medullary 
groove (fig. 18 A, m). These ridges become separate from the hypo- 
blast, and form two plates, thinner in front than behind; but still 
continuous at] the edge of the blastoderm with the undifferentiated 
cells of the lip of the blastopore, and laterally with the lower layer 
cells of the non-embryonic part of the blastoderm. It results from 
the above mode of development of the mesoblast, that it may be 
described as arising in the form of a pair of solid outgrowths of th^ 
wall of the alimentary tract ; which differ from the mesoblastic out- 
growths of the wall of the archenteron in Amphioxus in not contain- 
ing a prolongation of the alimentary cavity. 

A general idea of the structure of the blastoderm at this stage 
may be gathered from the diagram representing a longitudinal section 
through the embryo (fig. 19 B). In this figure the epiblast is repre- 



it 



FlO. 19 . DlAORAMMATlr LONOlTriUNAL SECTIOXH OF AN ElJiSMOBR-VNCH EMBRYO. 
Kpibla»t Nvithout Mvffohimt black with clear outlines to the cells. Lower 

layer celh and hyimbUnt with siiujdo hliuding. 

ep, epiblast; m. mesoblast; at. alimentary cavity ; sr/. segmentation cavity; tic. 
neural canal; c/i. notochord; x. point where epiblast and hypoblast become continuous 
at the jHiHtt'rior end of the embryo; «, nuclei of yolk. 

A. Section of young blastoderm, with segmentation cAAuty enclosed in the lower 
layer cells. 

B. Older blastc^erm with embryo in wdiich hypoblast and mesoblast are distinctly 
formed, and in which the alimentAiy slit has aj>|>eared. The segmentation cavity is 
Htul represented as being present, though by this stage it has in reality disappeared. 

C. Older blastoderm with embryo in which the neural canal has become fonnecl, 
®<>®tinuou8 posteriorly with the alimentary canal. The notochord, though 

shaded like mesoblast, belongs proj>orly to the hy)>oblast. 
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sented in white and is seen to be continuous at the lip of the blasto- 
pore (a?) with the shaded hypoblast. Between the epiblast and hypo- 
blast is seen one of the lateral plates of mesoblast, represented by 
black cells with clear outlines. The non-embryonic lower layer cells of 
the blastoderm are represented in the same manner as the mesoblast 
of the body. The alimentary cavity is shewn at ai, and below it is 
seen the yolk with nuclei (n). The segmentation cavity is re- 
presented as still persisting, though by this stage it would have 
disappeared. 

As to the growth of the blastoderm it may be noted that it has 
greatly extended itself over the yolk. Its edge in the meantime 
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Fig. 20. Three sections Tniiorau a PrcissTirnrs emruyo somewhat TorNOER 

THAN HG. 2S C. 

A. Section throa<?li the ceplialie plate. 

15. S('ction throuj^h the jx)sterior ])art of the ce 2 )halic plate. 

C. Section throuj'h the tiuiik. 

ch. notochord; mg. medullary groove; al. alinicntar}’ tract; Ip. lateral plate of 
meBoblast ; pp. l)ody cavity. 

forms a marked ridge, which is duo not S(» much to a thickening as to an 
arching of the epiblast. This ridge is continuous with the embryonic 
rim, wliich gradually concentrates itself into two pnuninonces, one on 
each side of the tail of tlie embryo, mainly formed of masses of 
undifferentiated lower layer cells. These i)rominence8 will be calletl 
the caudal swellings. 

By this stage the three layers of the body, the ej)il)last, mesoblast, 
and hypoblast, have become definittdy established. The further history 
of these layers may now be briefly traced. 

Epiblast. Wliile the greater part of the epiblast becomes con- 
verted into the external epidermis, from which involutions give rise 
to the olfect^)iy’ and auditory pits, the lens of tin? eye, the mouth 
cavity, and anus, the part of it lining the medullary groove becomes 
converted into the central nervous system and optic cup. The medullary 
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groove is at first continued to the front end of the medullary plate ; 
but the anterior part of this plate soon enlarges, and the whole plate 
assumes a spatula form (fig. 28 C, h, and fig. 20 A and B). The 
enlarged part becomes converted into the brain, and may be called 
the cephalic plate. 

The posterior part of the canal deepens much more rapidly than 
the rest (fig. 20 C), and the medullary folds unite dorsally and convert 
the posterior end of the medullary groove into a closed canal, while 
the groove is still widely open elsewhere. The medullary canal does 
not end blindly behind, but simply forms a tube not closed at either 
extremity. The importance of this fact will appear later. 

Shortly after the medullary folds have met behind the whole 
canal becomes closed in. This occurs in the usual way by the junction 
and coalescence of the medullary folds. In the course of the closing 
of the medullary groove the edges of the cephalic plate, which have 
at first a ventral curvature, become bent up in the normal manner, 
and enclose the dilated cephalic portion of tlie medullary canal. The 
closing of the medullary canal takes ])lace earlier in the head 
and neck than in the back. 

An anterior pore at the front end of the canal, like that in 
Amphioxus and the Ascidians, is not 
found. The further differentiation of the 
central nervous system is described in a 
special chapter : it may however here be 
stated that the walls of the medullary 
canal give rise not only to the central 
nervous system but to the ]»eripheral «also. 

Mesoblast. Tlie mesciblast was left 
as two lateral plates continuous behind 
with the undifferentiated cells of the 
caudal swellings. 

The cells composing them become 
arranged in tw'o layers (fig. 2(t C, Ip), a 
splanchnic layer adjoining the hypoblast, 
and a somatic layer adjoining the epi- 
blast. Between these two la vers there is 



soon develop(*d in the region of the head 
a W(dl-inarked cavity (fig. 20A,y>/)) which 
is .subsetpiently continued into the region 
of the trunk, and forms the primitive 
hody-eavity, equivalent to the cavity origi- 
nating as an outgrowth of the .archenteron 
in Amphioxus. The body-cavities of the 
two sides are at first quite indej)endent. 

Coincidentally with the appearance of 
differentiation into somatic and splanchnic 
layers the mesoblast plates become in the 
region of the trunk jmrtially nplil by a 


Fi<i. 21. Tiuxsverse sec- 
tion TlIRoron THE TRUNK OF AN 
1 MRRYO SLIOHTLY OLDER THAN 
FICi. 2S K. 

«r. iicnnil Ciinal; pr. pos- 
terior root of spinal nerve; .r. 
sulmotoehordal rod: ao. aorta; 
.sr somatic mesoblast ; »p. 

splanchnic mesoblast ; nip, 
masclc-plat<'; mp', portion of 
inu''cle-platc converted into 
muscle; I’r. portion of the 
vertebral plnte \\hich will give 
rise to the vortebrnl bodice; nl. 
alimentary tract. 
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series of transverse lines of division into mesoblastic somites. Only 
the dorsal parts of the plates become split in this way, their ventral 
parts remaining quite intact. As a result of this each plate becomes 
divided into a dorsal portion adjoining the medullary canal, which is 
divided into somites, and may be called the vertebral plate, and a 
ventral portion not so divided, which may be called the lateral plate. 

These two parts are at this stage 
quite continuous with each other ; 
and the body-cavity originally 
mp extends uninterruptedly to the 

Vr summit of the vertebral plates 

(fig. 21). . 

The next change results in 
the complete separation of the 
vertebral portion of the plate 
from the lateral portion ; there- 
Fig. *22. Horizontal section through by the upper Segmented part of 

THE TRUNK OF AN EMRRYO OF ScYLLlUM CON- tllC bodV-CavitV bCCOniCS Isolatod, 

The section is taken at the le^el of the Separated from tlio lower 

notochord, and shews the separation of tlie and linscgniented part. As a 
cells to form the vertebral bodies fiom the consequence of this change the 
muscle-plates. Vertebral plate comes to consist 

<•; « ■>« roo.a„g.k, 

liortion of muscle-plate already differ<‘ntiate<l tuC mcsoblastlC SomitCS, each 
into longitudinal muscles composed of two layers, a so- 

matic and a sjdanchnic, between 
which is the cavity originally continuous Avith the body-cavity 
(fig. 23, mp). The .splanchnic layer of the plates buds off cells to 
form the rudiments of the vertebral bodies which are at first seg- 
mented in the same planes as the mesoblastic somites (fig. 22, Vr). 
The plates themselves remain as the muscle-plates (mp), and give 
rise to the Avhole of the voluntary muscular system of the boily. 
Between the vertebral and lateral plates there is left a connecting 
isthmus, with a narrow’ prolongation of the body-cavity (fig. 23B, ^0, 
which gives rise (as described in a si'K'cial chapter) to the segmentiil 
tubes and to other parts of the excretory system. 

In the meantime the lateral plates of the tw’o sides unite 
ventrally throughout the intestinal and cardiac regions of the body, 
and the tw^o primitively isolated cavities contained in them coalesce. 
In the tail however the plates do not unite viuitrally till somewhat 
later, and their contained cavities remain distinct till eventually 
obliterated. 


At first the pericardial cavity is quite Cf>ntinuous with the body- 
cavity ; but it eventually becomes separated from the body-cavity by 
the attachment of the liver to the abdominal wall, aiul by a horizontal 
septum in which run the two ductus Cuvieri (fig. 23 A, sv). Two 
perforations in this septum (fig. 23 A) leave the cavities in i>ermanent 
communication. 
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The parts derived from the two layers of the mesoblast (not 
including special organs or the vascular system) are as follow : — 
From the somatic layer are formed 

(1) A considerable part of the voluntary muscular system of 

the body. 

(2) The dermis. 

(3) A large part of the intermuscular connective tissue. 

(4) Part of the peritoneal epithelium. 

From the splanchnic layer are formed 

(1) A great part of the voluntary muscular system. 

(2) Part of the intermuscular connective tissue. 

(3) The axial skeleton and surrounding connective tissue. 

(4) The muscular and connective-tissue wall of the alimentary 

tract. 

(o) Part of the peritoneal epithelium. 




riG. *2H. Sections throcoh the trunk op a Bcylhum embryo slightly 

\ or No Lit THAN 28 F. 

Figure A shews the separation of the b(Kly-cavity from the pericardial cavity by 
a horizontal Boptiim in which runs the ductus CiivitTi ; on the left side is seen the 
narrow passage which remains connecting the two ca\itie8. Fig. B through a posterior 
part of the trunk sinews the origin of the segmental tubi's and of the primitive ova. 

xp.c. spinal canal; white matter of hpivtal cord; /»r. commissure connecting 
the posterior ner\'e-root8 ; r/i. notochonl; x. sub-notochonlal rod ; <io. aorta; sr. sinus 
venosus; car, cardinal vein; ftf. heart; pp. body-cavity; pc. pericanlial cavity ; o’s. 
solid (esophagus; /, liver; wip. musclo-plate; mp\ inner layer of muscle-plate; Vr. rudi- 
ment of vorh'hral Inxly; st, segmental tube; «(/. segnuuital duct; sp.r. spiral valve; 
r. BubinteHtiual vein. 

In the region of the head the mesoblast does not at first become 
tlivided into somites ; but on the formation of the gill clefts a division 
takes place, which is apparently ei|uivalent to the segmentation 
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of the mesoblast in the trunk. This division causes the body-cavity 
of the head to be divided up into a series of separate segments, 
one of which is shewn in fig. 24, pp. The walls of the segments 

eventually give rise to the main 



THE LAST VISCERAL ARCH BUT ONE OF AN 
EMBRYO OP PRISTIURUS. 

ep. epiblast; vc, pouch of hypoblast 
which w'ill form the walls of a visceral cleft ; 
pp, segment of body-cavity in visceral arch ; 
aa, aortic arch. 


muscles of the branchial clefts, 
and probably also to the muscles 
of the mandibular arch, of the 
eye, and of other parts. The 
cephalic sections of the body- 
cavity will be spoken of as 
head cavities. 

In addition to the parts al- 
ready mentioned the mesoblast 
gives rise to the whole of the 
vascular system, and to the 
generative system. The heart 
is formed from part of the 


splanchnic mesoblast, and the generative system from a portion of the 
mesoblast of the dorsal part of the body-ciivity. 

The hypoblast. Very shortly after the fi>rmation of the meso- 
blastic plates as lateral differentiations of the lower layer cells, an 
axial differentiation of the hypoblast appears, which gives rise to the 
notochord very much in the same 'way as in Amphioxiis. 

At first the hypoblast along the axial line forms a single layer in 
contact with the epiblast. Along this line a rod-like thickening of 
the hypoblast very soon appears (fig. 25, B and (7i') at the; 
head end of the embiyo, and gradually extends backward.s. This is 
the rudiment of the notochord ; it remains attached for some time to 


the hypoblast, and becomes separated from it first at the head end of 


the embryo (fig. 25 A, ch) : the separation is tlien carried backwards. 


A series of sections taken through an embryo shortly after the fii^st 
differentiation of the notochord pre.sents the following chameters. 

In the hindermost sections the hyjK>bla.st retains a jxjrfectly normal 
stracture and uniform thickness throughout. In tlie next few sections (tig. 
25 C, Ch') a slight thickening is to be observed in it, immediately below 
the medullary groove. The layer, which else\vh(*re is comj)osed of a single 
row of cells, here becomes two cells d(‘ep, but no sign of a division into two 
la 3 "or 8 is exhibited. 

In the next few sections the thickening of the Jiypoblast IxToines much 
more pronounced; we have, in fact, a ridge proj(»cting from the hyjioblast 
towards the epiblast (fig. 25 B, Ch'), This ridge; is presscMl firmly against 
the epib]a.st, and causes in it a slight indentation. The hyjK>blast in the 
region of the ridge is formed of two layei*s of ccdls, the ridge being entirely 
due to the upi>errno8t of the two. 

In sections in front of this a cylindrical rod, wdiieh can at once l>e 
recognised as the notochord, and is continuous with the ridg<» just described, 
begins to be split off from the hyjioblast (fig. 25 A, f 7<). It is difficult to 
say at what point the 80 ]»aration of this rod from the hypoblast is com- 



ELASMOBRANCHIL 


43 


pleted, since all intermediate gradations between complete separation and 
complete attachment are to be seen. 

Shortly after the separation takes place, a fairly thick bridge is 
found connecting the two 

lateral halves of the hypo- ^ ^ 

blast, but this bridge is an- 
teriorly excessively delicate 
and thin, and in some cases 
is barely visible except with 
high powers. In some sec- 
tions I have observed possi- 
ble indications of the pro- ^ ^ ^ 

cess like that described by 
Callx^rla for Petronyzon, by 
which the lateral parts of 
the hypoblast grow in under- 
neath the axial part, and so 
isolate it bodily as the noto- 
chord. 




It is not absolutely 
clear whether the noto- 
chord is to be regarded as 25. Three sections of a PRisnuRrs 

an axial differentiation of kmrbyo sLionTLY older than fig. 28 B. 
the llVpoblliSt, or as an The sections shew the development of the noto- 
axial differentiation of the 

Intvpr bivor iuAU “rtocliord; Ch', developing notochord; mg. 

lowei layci ecus, medullarv groove; /;>. lateral plate of mesobla‘?t; 

ihe facts of develop- < 71 . epiblast; /jy. hypoblast, 
incnt both in Ampbioxus 

and Elasinobrancbii tend tow^ards the fonner view ; but the nearly 
simultaneous differentiation of the notochord and the mesoblastic 


])Iates lends some support to the supposition that the notochord may 
be merely a median jilate of mesobhist developed slightly later than 
the two lateral plates. 

The alimentary canal or mesenteron was left as a space between 
the hyjH)hhist and the yolk, ending blindly in front, but opening 
behind by a widisli a})erture, the hhistopore or anus of Ruscoui {vide 

The conversion of this irregular cavity into a closed canal com- 
mences first of all at the anterior extremity. In tliis conversion two 
distinct processes are concerned. One of these is a process of folding 
off of the embryo from the blastoderm^ The otlier is a simple growth 
t>f cells independent of any fold. To the first of these processes 
the depth and narrowness of the aliment«ary cavity is due; the second 
is concerned in binning its ventral wall. T\w process of the folding 
off of the etnbryo from the blastiKlerm resembles exactly the similar 
process in tlie embryo bird. The fold is a perfectly continuous one 
round the front end of the embryo, but may be conveniently spoken 
of as composed of a head-fold and two lateral fohls. 
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Of far greater interest than the nature of these folds is the forma- 
tion of the ventral wall of the alimentary canal. This originates in 
a growth of cells from the two sides to the middle line (fig. 26). 

The cells for it are not however mainly 
derived from pre-existinghypoblast cells, 
but are formed dc novo around the nuclei 
of the yolk which have already been 
spoken of (fig. 26, na\ The ventral 
wall of the mesenteron is in fact, to a 
large extent at any rate, formed as a 
differentiation of the primitive yolk 
floor. 

The folding off and closing of the 
alimentary canal in the anterior part of 
tlie body proceeds rapidly, and not only 
is a considerable tract of the alimentar)' 
al aHmcntary tract; na, cells fon^^ed, blit a great part of the 

passing in from the volk to form , i.iriii ix*/* ±\ 

the ventral wall of the alimentary head IS completely folded off from the 

tract. yolk before the medullary groove is 

closed. 

The posterior part of the alimentary canal retains for a hinger time 
its primitive condition. Finally however it also becomes closed in, 
by the lips of the blastopore at the hind end of the embryo meeting . 
and uniting. The peculiarity of the closing in of the posterior j>art 
of the alimentary canal consists in the fact that a similar continuity 
to that in Ainphioxus obtains between the neural and alimentary canals. 

This is due to the medullar}^ folds being 
continuous at the end of the tail with the 
lips of the bla.stop()re. which close in the 
hind end of the alimentary canal ; so that, 
when the medullary folds unite to fonii a 
canal, this canal liecoines continuous with 
the alimentary canal, which is closed in at 
the same time. In other words, the me- 
dullary folds assist in enveloping the blas- 
topore which does not therefore become ab- 
solutely closed, but (mens into the floor of 
the neural canal. It will afterwards be 
shewn that it is only the posterior part of the 
blastopore that bc^coines closed (luring the 
above process, and that the anterior and 
ventral part long remains open. The general 
arrangement of the parts, at the time when 
the hind end of the mesenteron is first closed, 
i.s shewn in fig. 27. The sanies points may be 
seen in the diagrammatic longitudinal section fig. 19 C. 

The middle portion of the alimentary tract is the last to be closed 
in, since it remains till late in embryonic life as the umbilical or 



Fm. 27. Lo.xgitcmnal 

VERTICAL SECTION OF AN KM- 
IIHYO SLIGHTLY VOUNOEB THAN 
THAT IN FIG. 26 D. 

The section shews the 
communication which exists 
between the neural and ali- 
mentaiy' canals. 

lie. neural canal; al. ali- 
mentary tract; Ch. noto- 
chord; Th. tdil swelling. 


CA 



Fio. 26. Section through the 

ANTERIOR PART OF A PrISTIURUS 
EMBRYO TO SHEW THE FORMATION 
OF THE ALIMENTARY TRACT. 

Ch. notochord; hy. h^'poblast 
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vitelline canal, connecting the yolk sack with the alimentary cavity. 

The umbilical canal falls into the alimentary 

tract immediately behind the entrance of the . 

At a fairly early stage of development a 
rod is constricted off from the dorsal wail of I 
the alimentary canal (figs. 27* and 23 oi), which I 
is known as the subnotochordal rod. It is 
placed immediately below the notochord, and 
disappears during embryonic life. 


General features of the Elasmobranch embryo pJyBm W 

at successive stages. .W 

Shortly after the three germinal layers be- f B ^ 
come definitely established, the rudiment of the 
embryo, as visible from the surface, consists of 
an oblong plate, which extends inwards from 27 * 

the periphery of the blastoderm, and is bound- verse section through 
ed on its inner side by a head-fold and two the tail region op a 
kteml fold, (lig 28 B). Tin, plate i. the me- 
dullary plate ; along its axial line is a shallow e. 
groove — the medullary groove {oig). The ru- dorsal fin; sp.c. 

diment of the embrj'o rapidly increases in gpUnch^c 

length, and takes a spatula-like form (fig. 28 C). layer^ of mkoWast; m. 
The front part of it, turned away from the edge somatic layer of meso- 
of the blastoderm, soon ponies dilated into a 

broad plate, — the cephalic plate (/<) — while the des; ch. notochord; x. 
tail end at the edge of the blastoderm is also subnotochordal rod aris- 
enlarged, being formed of a pair of swellings— doml^wST^the 
the tail swellings (fo) — derived from the lateral alimentary tract; al. ali- 
parts of the original embryonic rim. By this mentary tract, 
stage a certain number of mesoblastic somites 
have become formed but are not shewn in my figure. They are the 
foremost somites of the trunk, and those behind them continue to be 


df. dorsal fin; sp.c. 
spinal cord; pp. body- 
cavity; $p. splanchnic 
layer of mesoblast; «o. 
somatic layer of meso- 


subnotochordal rod aris- 
ing as an outgrowth of 
the dorsal wall of the 
alimentary tract; al ali- 
mentary tract. 


added, like the segments in Chaito|K)ds, between the last formed somite 
and the end of the body. The increase in length of the body mainly 
takes place by growth in the region between the last mesoblastic 
somite and the end of the tail. The anterior part of the body is 
now completely folded off from the blastoderm, and the medullary 
groove of the earlier stage has become converted into a closed 
canal. 


By the next stage (fig. 28 D) the embryo has become so much 
foldea off from the yolk both in front and behind that the separate 
parts of it begin to be easily recognizable. 

The embryo is attached to the yolk by a distinct stalk or cord, 
which in the succeeding stages gradually narrows and elongates, and 
is known as the umbilical cord (so. s.). The medullary canal has now 
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become completely closed. The anterior region constitutes the brain ; 
and in this part slight constrictions, not perceptible in views of the 
embryo as a transparent object, mark off three vesicles. These 
vesicles are known as the fore, mid, and hind brain. From the fore- 
brain there is an outgrowth on each side, the first rudiment of the 
optic vesicles (op). The tail swellings are still conspicuous. 

The tissues of the body have now become fairly transparent, and 
there may be seen at the sides of the body seventeen mesoblastic 



Fia. 28. Views of FLASMOBiiANcn eubrtoh. 

A— F. PmsTirnrs. G. and H. HcYLursf. 

^ before the formation of the medullar^' plate. »c, segmentation 

cavitj; e». embryonic swelling. 

C. ^ embryo from the dorsal surface, as an opaque object, after the mednllarv 
grcK)ve has become poHUnorly converted into a tube.^ w.q. medullary groove- Urn 
^ints very nearly to the junction between the open medulJaiy groove 
with the medullary tube; h, cephalic plate; U. tail swelling. ® 

^ embryo as a transparent object, rh, notochord • 

E. Side view of an older embryo aa a transparent object, mp. mnaole-nlatefi- 

att.^anitoiy vmcle; rc. visceral cleft; ht. heart; w. month invaXat“n“ a^i 
diverticulum; al.v. posterior vesicle of post-anal gut. ^ 

F. G. H. Older embryos as opaque objects. 
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somites. The notochord, which was formed long before the stage repre- 
sented in figure 28 D, is now also distinctly visible. It extends from 
almost the extreme posterior to the anterior end of the embryo, and 
lies between the ventral wall of the spinal canal and the dorsal wall 
of the intestine. Round its posterior end the neural and alimen- 
tary tracts become continuous with each other. Anteriorly the 
termination of the notochord cannot be seen, it can only be traced 
into a mass of mesoblast at the base of the brain, which there 
separates the epiblast from the hypoblast. The alimentary canal {al) 
is completely closed anteriorly and posteriorly, though still widely 
open to the yolk-sack in the middle part of its course. In the region 
of the head it exhibits on each side a slight bulging outwards, the 
rudiment of the first visceral cleft. This is represented in the figure 
by two lines (i. 

The embryo represented in fig. 28 E is far larger than the one 
just described, but it has not been convenient to represent this increase 
of size in the figure. Accompanying this increase in size, the folding 
off from the yolk has considerably progressed, and the stalk which 
unites the embryo with the yolk is proportionately narrower and 
longer tlian before. 

The brain is now very distinctly divided into the three lobes, the 
rudiments of which appeared during the last stage. From the fore- 
most of these the optic vesicles now present themselves as well- 
marked lateral outgrowths, towards which there has appeared an 
involution from the external skin {op) to form the lens. 

A fresh organ of sense, the auditory sack, now for the first time 
becomes visible as a shallow pit in the external skin on each side of 
the hind-brjvin {uu.v). The epiblast which is involuted to form this 
pit becomes much thickened, and thereby the opacity, indicated in 
the figure, is produced. 

Tlie inesoblastic somites have greatly increased in number by 
the formation of fresh somites in the tail. Thirty-eight of them 
were present in the embryo figured. The mesoblast {it the base of 
the brain is more bulky, and there is still a mass of unsegmented 
mesoblast which forms the tail swellings. The first rudiment of the 
heart {hi) becomes visible during tliis stage as a cavity between the 
mesoblast of the splanchnopleure and the hypoblast 

The fore and hind guts are now' hmger than they were. An inva- 
gination from the extt‘rii)r to form the mouth has appeared {in) on 
the ventral side of tin* head close to the base of the thalamence- 
phalon. The upper end of this eventually becomes con.^tricted off as 
the pituitary body, and an indication ^f the future position of the 
anus is afforded by a slight diverticulum of the hind gut towards the 
exterior, some little distance from the posterior end of the embryo 
{(in). The portion of the alimentary canal behind this point, though 
at this stage large, and even dilated into a vesicle at its posterior end 
{alv), becomes eventually completely atrophied. It is known as 
the postanal gut. In the region of the throat the nidiment of a 
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second visceral cleft has appeared behind the first ; neither of them 
is as yet open to the exterior. 

In a somewhat older embryo the first spontaneous movements 
take place, and consist in somewhat rapid excursions of the embryo 
from side to side, produced by a serpentine motion of the body. 

A ventral flexure of the prseoral part of the head, known as the 
cranial flexure, which commenced in earlier stages (fig. 28 D and E), 
has now become very evident, and the mid-brain^ begins to project 
in the same manner as in the embryo fowl on the third day, and 
will soon form the anterior termination of the long axis of the 
embryo. The fore-brain has increased in size and distinctness, and 
the anterior part of it may now be looked on as the unpaired rudi- 
ment of the cerebral hemispheres. 

Further changes have taken place in the organs of sense, especially 
in the eye, in which the involution for the lens has made considerable 
progress. The number of the muscle-plates has again increased, but 
there is still a region of unsegmented mesoblfist in the tail. The 
thickened portions of mesoblast, which caused the tail swellings, are 

still to be seen, and would 
B seem to act as the reserve 



from which is drawn the 
matterfor the rapid growth 
of the tail, which occurs 
soon after this. The mass 
of the mesoblast at the 
ba.se of the brain has 
again increased. No fresh 
features of interest are to 
be seen in the notochord. 
The heart is very much 
more con.spicuous than be- 
fore, and its commencing 
flexure is very apparent. 
It now beats actively. 
The post-anal gut is much 
longer than during the 
last stage ; and the point 


Fio. 28*. Foub sections thkotjob iiik poht- 

ANAIi PART OF THE TAIL OF AM EMBRYO OF THE SAME 
AOS AS FIO. 28 F. 

A. is the posterior section. 
nc, nenral canal; a7. post-anal gnt; alv, caudal 
vesicle of post-anal gut ; x, sabnotochord rod; mp. 
mnscle-plAte; ch, notochord; cLal. cloaca; oo. 
aorta; v.cau, caudal vein. 


where the anus will ap- 
pear is very easily detected 
by a bulging out of the 
gut towards the external 
skin. Tlie alimentary 
vesicle at the end of the 
post-anal gut, first observ- 


^ The part of the brain which 1 have here called mid-brain, and which unquestion- 
ably corresponds to the part called mid- brain in the embryos of higher vertebrates, 
becomes in the adult what Miklucho-Maclay and Qegenbaur called the vesiole of the 
third ventricle or thalameneephalon. 
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able during the last stage, is now a more conspicuous organ. There 
are three visceral clefts, none of which are as yet open to the exterior. 

Figure 28 F represents a considerably older embryo viewed as an 
opaque object, and fig. 29 A is a view of the head as a transparent 
object The stalk connecting it with the yolk is now, comparatively 
speaking, quite narrow, and is of sufficient length to permit the 
embryo to execute considerable movements. 

The tail has grown immensely, but is still dilated terminally. 
The terminal dilatation is mainly due to the alimentary vesicle (fig. 28^ 
alv)y but the postanal section of the alimentary tract in front of this 
is now a solid cord of cells. Both the alimentary vesicle and this cord 
very soon disappear. Their relations are shewn in section in fig. 28*. 

The two pairs of limbs 
have appeared as differen- 
tiations of a continuous but 
not very conspicuous epi- 
blastic thickening, which 
is probably the rudiment 
of a lateral fin. The an- 
terior pair is situated just 
at the front end of the 
umbilical stalk ; and the 
posterior pair, which is the 
later developed and less 
conspicuous of the t>vo, is 
situated some little dis- 
tance behind the stalk. 

The cranial flexure has 
greatly increased, and the 
angle between the long 
axis of the front part of 
the head and of the body 
is less than a right angle. 

The crmspicuous mid-brain 
(29 A, mb) forms the an- 



terior termination of the 29. Views or the head of Elasmo- 

long axis of the body. The bkasch embryos at two stages as tr^nsparkni 
thin roof of the fourth ven- 

tricle (A6) may be noticed ^ of tho same stage as fig. 

in tlte figure behind tllO B. Somewhat older Scyllium embryo, 
mid-brain. The auditory IIJ. third u«rve; r. fifth ner»e; r/r. seventh 

fi. ami itory nerve; ol. glossopharyngeal 
vagus nerve; ///.fore-brain; p/i. pineal 
mid-brain; bind-brain; ir.r. fourth 
cb, ceivlMjllum; o1. olfactory pit; op, 
auditory vesicle ; m, mesoblast at baFC 
ch. notochord; ht, heart; TV. visceral 
external gills; ;>/>. sections of body- 
le bead. 


sack {au. F) is nearly closed , J 

and its opening is not 
shewn in the figure. In ventricle; 
the eye (op) the lens is 
completely formed. The eLtu^'%. 
olfactory pit (ol) is seen a cavity in'ti 
little in front of the eye. 


H.E. Tl. 
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Owing to the opacity of the embryo, the muscle-plates are only 
indistinctly indicated in fig. 28 F, and no other features of the meso- 
blast are to be seen. 

The mouth is now a deep pit, the hind borders of which arc 
almost completely formed by a thickening in front of the first 
branchial or visceral cleft, which may be called the first branchial arch 
or mandibular arch. 

Four branchial clefts are now visible, all of which are open to the 
exterior, but in the embryo, viewed as a transparent object, two more, 
not open to the exterior, are visible behind the last of these. 

Between each of these and behind the last one there is a thicken- 
ing of the mesoblast which gives rise to a branchial arch. The arch 
between the first and secoiul cleft is known as the hyr)id arch. 

Fig. 29 B is a representation of the head of a slightly older embryo 
in which papilhe may be seen in the front wall of the second, third, 
and fourth branchial clefts : these papilhe are the commencements of 
filiform processes which grow out from the gill-clefts and form ex- 
ternal gills. The peculiar ventnd curvature of the anterior end of the 
notochord (cA) both in this and in the preceding figure dcser\’e8 notice. 

A peculiar feature in the anatomy makes its apj)f‘arance at this |>erio(l, 
viz. the replacement of the original hollow (esophagus by a solid cord of 
cells (tig. 23 A, in which a lumen do(»s not rc'appear till very much 
later. I have found that in some Teh*ostei (the Salmon) long after 
they are hatched a similar solidity in the msophagus is pn'sent. It 
aj>]>ears not impossible that this feature in the oesophagus may be coimect(Hl 
with the fact that in the ancestors of the present ty|K*s the ce.sophagus 
was perforated by gill slits ; and that in the j)roc(\ss of embryonic abbrevia- 
tion the stage with the perforated cesophagus became replacf^l by a stag** 
with a cord of iiidiffereut cells (the (esophagus being in the embryo (juite 
functionless) out of which the non-perfonited (esopliagus was directly formed. 
In the higher ty|>es the j)rocess of development appeal's to have become quite 
direct. 

By this stage all the parts of the embryo liave become established, 
and in the succeeding stages the features characteristic of the genus 
and species are gradually aci^uired. 

Two embryos of Scyllium are represented in fig. 28 G and H, 
the head and anterior part of the trunk being represented in fig. G, 
and the whole embryo at a much later stage in fig. H. 

In both of the.se, and especially in the second, an apparent 
diminution of the cranial flexure is very marked. This diminution 
is due to the increa.se in the size of the cerebral hemispheres, which 
grow upwards and forwards, and press the original fore-brain against 
the mid-brain behind. 

In fig. G the rudiments of the nasal sacks are clearly visible as 
small ofien pits. 

The first cleft is no longer similar to the rest, but by the closure 
of the lower part has commenced to be metamorphosed into the 
spiracle. 
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Accompanying the change in position of the first cleft, the man- 
dibular arch has begun to bend round so as to enclose the front as 
well as the sides of the mouth. By this change in the mandibular 
arch the mouth becomes narrowed in an antero-posterior direction. 

In fig. H are seen the long filiform external gills which now pro- 
ject out from all the visceral clefts, including the spiracle. They 
are attached to the front wall of the spiracle, to both walls of the 
next four clefts, and to the front wall of the last cleft. They have 
very possibly become specially developed to facilitate respiration 
within the egg; and they disappear before the close of larval life. 

When the young of Scyllium and other Sharks arc hatched they 
have all the external characters of the adult. In Raja and Torpedo 
the early stages, up to the acquirement of a shark-like form, are 
similar to those in the Selachoidei, but during the later embryonic 
stages the brxly gradually flattens out, and assxunes the adult form, 
which is thus clearly shewn to be a secondary acquirement. 

An embryonic gill-cleft behind the last present in the adult is 
found (Wyman, No. 54) in the embiyo of Raja batis. 

The unpaired fins ar^ develo}>ed in Elasmobranchs as a fold 
of skin on the dorsal side, which is continued round the end of the 
tail along the ventral side to the anu.s. Local developments of this 
give rise to the dorsal and anal fins. The caudal fin is at first 
symmetrical, but a special lower lobe grows out and gives to it a 
heteroccrcal character. 

Enclosure of the i/olk-sack and its relatim to the embryo. 

The blastoderm at the stage .represented in fig. 28 A and B forms 
a small and nearly circular patch on the surface of the yolk, composed 
of epiblast and lower layer cells. While the body of the embryo is 
gradually being moulded this patch grows till it envelopes the yolk ; 
tiie growth is not uniform, but is less rapid in the immediate neigh- 
bourhood of the embryonic part of the blastoderm than elsewhere. 
As a consequence of this, that j>art of the edge, to which the embrj^o 
is attached, forms a bay in the otherwise regular outline of the edge 
of the blastodenn, and by the time that about two-thirds of the 
yolk is enclosed this bay is very conspicuous. It is shewn in fig. 

A, where bl }X)ints to the bhistoilerm, and yk to the part of the 
yolk not yet C(»vered by the blastoderm. The embryo at this time 
is only connected with the yolk-sack by a narrow umbilical cord ; 
but, as shewn in the figure, is still attached to the edge of the 
blastoderm. 

Shortly siibsequent to this the bay in the blastoderm, at the 
head of which the embryo is attached, bi»comes obliterated by its 
two sides coming together and coalescing. The embryo then ceases 
to be attached at tlie edge of the bhistoderm. But a linear streak 
formed by the coalescc'd edges of the blastoderm is left connecting the 
embryo with the edge of the bhistoderm. This streak is probably 
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analogous to (though not genetically related with) the primitive 
streak in the Amniota. 


This stage is represented in fig. 30 B. In this figure there is 

only a small patch of yolk 
A {yh) not yet enclosed, which 

is situated at some little 
distance behind the embryo. 
Throughout all this period 
the edge of the blastoderm 
has remained thickened : a 
feature which persists till 
the complete investment of 
the yolk, which takes place 
I shortly after tlie stage last 

^ described. In this thickened 








Fia. 30. Thb£e views of the vitellus op 

AN ElASMOBBAXCH, SHEWING THE EMUKYO, THE 
BLASTODEBH, AND THE VESSELS OF THE YOLK-HACK. 

The shaded part (hi) is the blastoderm; the 
white part the uncovered yolk. 

A. Young stage with the embryo still at- 
tached at the edge of the blastoderm. 

B. Older stage with the yolk not quite en- 
closed by the blastoderm. 

C. Stage after the complete enclosure of the 

yk. yolk ; hi, blastodenn ; r. venous trunks 
of yolk-sack; a, arterial trunks of yolk'sack; 
y, {)oint of closure of the yolk blastopore ; x. por- 
tion of the blastodenn outside the arterial sinus 
terminalis. 


edge a circular vein arises 
which brings hack the blood 
from the yolk-sack to the 
embryo. The opening in 
tlic blastoderm, exposing the 
{portion of the yolk not yet 
covered, may be conveni- 
ently called the yolk blas- 
topore. It is interesting to 
notice that, owing to the 
large size of the yolk in 
Elasmobranchs, t he poster! or 
part of the ymmitive blas- 
topore becomes encircled by 
the medullary folds and tail- 
swellings, and is so closed 
long before the anterior and 
more ventral part, which is 
represented by the uncover- 
ed portion of the yolk. It 
is also worth remarking that, 
owing to the embryo be- 
coming removed from the 
edge of the blastoderm, the 
final closure of the yolk 
blastopore takes place at 
sortie little distance from the 
embryo. 

The blastoderm enclos- 
ing the yolk is fonned of an 
external layer of jepiblost, 
a layer of mesoblast below 
in which the blood-vessels 
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are developed, and within this a layer of hypoblast, which is especially 
well marked and ciliated (Ley dig, No. 46) in the umbilical stalk, where 
it lines the canal leading from the yolk-sack to the intestine. In the 
region of the yolk-sack proper the blastoderm is so thin that it is 
not easy to be quite sure that a layer of hypoblast is throughout dis- 
tinct. Both the hypoblast and mesoblast of the yolk-sack are formed 
by a differentiation of the primitive lower layer cells. 

Nutriment from the yolk-sack is brought to the embryo partly 
through the umbilical canal and so into the intestine, and partly by 
means of blood-vessels in the mesoblast of the sack. The blood- 
vessels arise before the blastoderm has completely covered the yolk. 

Fig. 30 A represents the earliest stage of the circulation of the 
yolk-sat^k. At this stage there is vi.sible a single arterial trunk (a) 
])assing forwards from the embryo and dividing into two branches. 
No venous trunk could be detected with the simple microscope, but 
])rol)ably venous channels were j)resent in the thickened edge of the 
blastoderm. 

In fig. 30 B the circulation is greatlv advanced. The blastoderm 
has now nearly cfunpletely envelo])ed the yolk, and there remains 
only a small circular s])ace [yk) not enclosed by it. The arterial 
trunk is present iis before, and divides in front of the embryo into 
two branches which turn backwards and form a nearly complete ring 
round the embryo. In general ap[)earancc this ring resemble.s the 
sinus terminalis of the art‘a vasculosa of the Bird, but in reality bears 
(piite a different relation to the circulation. It gives off branches on 
its inmu* side only. 

A venous svNttuu of returning vessels is now fully developed, and 
its relations are very remarkable. There is a main venous ring in 
the thickened edge of the blastoderm, which is connected with the 
embryo by a single stem running along the seam where the edges 
of the blasto<lerin liave c<nilesced. Since the veiiou.s trunks are only 
developetl behind the embryo, it is only the posterior part of the 
arU‘rial ring that gives off branclu‘s. 

The .succeeding stage (tig. 3(t (’} i.s also one of considerable interest. 
The arterial ring lias greatly extiuule<l, and now embraces nearly half 
tlie yolk, and .semis (»ti‘ trunks on its inner side ahuig its uhole cir- 
ciimfereiici*. More imjiortant changes have taken ])lace in the venous 
system. The blastoderm has now complettdy enveloped the yolk, and 
the venous ring is therefore reduced to a point. The small veins 
which originally started from it may be obsiuved diverging in a 
brush-like fa.shu)ii from the termination of the unpaired trunk, which 
originally connected the venous ring with the heart. 

At a still later stage the arterial ring embraces the whole yolk, 
and, as a result of this vanishes in its turn, as did the venous ring 
before it. There is then present a single arterial and a single venous 
trunk, The arterial trunk is a braiudi of the dorsal aorta, and the 
venous trunk originally falls into the heart together with the sub- 
intestinal or splanchnic vein. On the formation of the liver the 
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proximal end of the subintestinal vein becomes tlie ix)rtal vein, and 
it is joined just as it enters the liver by the venous trunk from the 
yolk-sack. The venous trunk leaves the body on the right side, and 
the arterial on the left. 

The yolk-sack persists during the whole of embryonic life, and in 
the majority of Elasmobraiich embryos there arises within the body 
walls an outgrowth from the umbilical canal into which a large 
amount of the yolk passes. This outgrowth forms an internal yolk- 
sack. In Mustelus vulgaris the internal yolk-sack is very small, and 
in Mustelus Itevis it is absent. The latter species, which is one of 
those in which development takes place witliin the uteius, presents 
a remarkable peculiarity in that the vascular surface of the yolk-sack 
becomes raised into a number of folds, which tit into corresponding 
depressions in the vascular walls of the uterus. The yolk-sack 
becomes in this way firmly attached to the walls of the uterus, and 
the two together constitute a kind of phicenta. A similar placenta 
is found in Carcharias. 

After the embryo i.s hatched or born, as tlie Ciise may be, the yolk- 
^ack becomes rapidly absorbed. 
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CHAPTER IV. 


TELEOSTEI. 


The majority of the Teleostei deposit their eggs before impregna- 
tion, but some forms are viviparous, e.g. Blennius viviparus. Not a 
few carry their eggs about ; but this operation is with a few exceptions 
performed by the male. In Syngnathus tlie eggs are carried in a 
l)rood-pouch of the male situated behind the anus. Amongst the 
Siluroids the male sometimes carries the eggs in the throat above 
the gill clefts. Ostegeniosus militaris, Arius falcarius, and Arius 
fissus have this peculiar habit 

The ovum when laid is usually invested in the zona radiata only, 
though a vitelline membrane is sometimes present in addition, e.g. 
in the Herring. It is in most cases formed of a central yolk 
mass, which may either be com]>osed of a single large vitelline 
sphere, or of distinct yolk spherules. The yolk mass is usually 
invested by a granular prutophvsmic layer, which is especially 
thickened at one pole to form the germinal disc. 

In the Herring 8 ovum the germinal disc is formed, as in many 
Crustacea, at impregnation ; the protoplasm which was previously 
diffused tlirough the egg becoming aggregated at the germinal jx)le 
and round the periphery. 

Imi)regnation is external, and on its occunence a contraction 
of the vitellus takes pla<‘e, so that a space is formed between the 
vitellus and the zona radiiUa, which becomes filled w ith fluid. 

The j>eculiiudties in the development of tlio Teleosteaii ovum 
can best be understood by regarding it fvs an Ehismobranch ovum 
very much reduced in size. It seems in fact very probable that the 
Teleostei are in reality derived from a type of Fish with a much 
larger ovum. The occurrence of a meroblastic segmentation, in spite 
of the ovum being usually smaller than that of Amphibia and Aci- 
penser, etc., in wdiich the segmentation is complete, as well as the solid 
origin of many of the organs, receives its must plausible explanation 
on this hyj)othesis. 

The proportion of the germinal disc to the whole ovum varies 
considerably. In very small eggs, sucli as those of the Herring, the 
disc mav form as much as a fifth of the whole. 
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The segmentation, which is preceded by active movements of the 
germinal disc, is meroblastic. There is nothing very special to note 
with reference to its general features, but while in large ova like 
those of the Salmon the first furrows only penetrate for a certain 
depth through the germinal disc, in small ova like those of the 
Herring, they extend through the whole thickness of the disc. 
During the segmentation a great increase in the bulk of the blas- 
toderm takes place. 

In hardened specimens a small cavity amongst the segmentation 
spheres may be present at any early stage; Init it is probably an arti- 
ficial product, and in any case has nothing to do with the true 
segmentation cavity, which does not appear till near the close of 
segmentation. The peripheral layer of granular matter, continuous 
with the genniiial disc, does not undergo division, but it becomes 
during the segmentation specially thickened and then spn*ads itself 
under the edge of the blastoderm ; and, while nuuaining thicker in 
this region, gradually grows inwards so as to form a continuous sub- 
blastodermic layer. In this layer nuclei aj)]>(‘ar, which are e([uivalent 
to those in the Elasm(»hrauch ovum. A considerable number of 
these nuclei often h(‘C(»iiie visible simultaneously (van Bem»den, 
No. 6oi and thi*y are usually heliev(‘d to arise spontaiUMHisly, though 
this is still doubtfnP. Around the.se nuclei j^orlions of protoplasm 
are segmented off, and cells are thus formed, whi(‘h enb^r the blasto- 
derm, and have nearly the same destination as the homologous cells 
of the Elasmohrancli ovum. 

During the later stages of segmentation one (Uid of the hlastodenn 
becomes tliickened and fitrrns the embryonic swelling ; and a cavity 
appears hetwetui the blastoderm and the }olk which is exceiitrically 
situated near the non-embryonic j>art of the blastoderm. This cavity 
is the true sc^gmentation cavity. Both the cavity and the embryonic 
swelling are seen in section in fig. lU A and B. 

In 1^‘iici.scns rutilus Banibeke describes a cavity as appearing in the 
middle of the hla.-xtoderui during the later stiii^e.s of segnicntation. From 
his figures it might he snpj)Osed that this ca^ity was e(juivalent to the 
segmentation cavity of Elasmohranchs in its eai’li(*st condition, hut Bani- 
heke states that it disapj»eai‘s ajid that it has no connection with the tnie 
segmentation cavity. Bainheke and other investigators haw faile<l to 
recognize the homology of the segmentation cavity in Teleostei with that 
in Elasmobrancliii, Aiii])hihia, etc. 

With tho appearance of tln^ s<*g^ncntati()n cavity the portion of 
the blastoderm which fonn.s it.s roof becomes thiniu^d out, so that 
the whole blavStoderm consists of (1) a thickened edge esj)<*cially 
prominent at om; point when* it forms the embryonic swelling, and 
(2) a thinner central portion. The changes whi<;h now take place 
result in the differentiation of the embryonic layei*s, and in the nipid 


* VuU Vol. I. p. 89. 
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extension of the blastoderm round the yolk, accompanied by a 
diminution in its thickness. 




Fifl. 31. LoN(HTri)IN^L bfctions through the blabtodebm of the 
Trout at ax karly stage of development. 

A. at the close of the sej^montation ; B. after the differentiation of the germinal layers. 
ep\ epidermic layer of the epiblast ; sc. segmentation cavity. 

Tlie first diflF(‘rentiati<)B of the layers consists in a single row 
of cells on the .surface of tlu* blastoderm becoming distinctly marked 
oflF as a special layer (fig. 31 A) ; which ho\v(^ver does not constitute 
the whole ('piblast but only a small part of it which will be spoken 
of as the epidermic layer. The complete differentiation of the 
epiblast is effi'Ctetl by the ctdls of the thickened edge of the blasto- 
derm becoming <livided into two strata (fig. 31 B). The upper 
stnitum constitutes the epiblast. It is divided into two layers, viz., 
the external epidermic layer already mentioned, and an internal layer 
known as the nervous layer, formed of several rows of vertically 
aiTang(»d cells. AccNH'ding to the unanimous testimony of inve.sti- 
gators the roof of the segmentation cavity is forminl of epiblast cells 
only. The lower stratum in the thickeiuHl rim of the blastoilenn 
is sev(»ral rows of cells <li‘e]), and corresponds with the lower layer 
Cfdls or primitive hypoblast in Elasmobranchii. It is continuous at 
the edge of the blastoderm with the nervous layer of the epiblast. 

In smaller Teleosteaii eggs there is formed, before the blastodenn 
beci)mes differentiated into epibhist and lower layer cells, a com- 
l)lete stratum of ctdls around the nuclei in the granular layer under- 
neath the blastoderm. This layer is th<‘ hypobhist ; and in these 
forms the lower layer cells of the blastiHlerm are stated to become 
converttnl into iiu*sob!a.st only. In the larger Teleostean eggs such as 
those of the Salinonida\ tlie hypoblast, as in Elasmobranchs, appears 
to ho only partially formed from the nuclei of the granular layer. 
In these forms howeviU', as in the smaller Teleostean ova and in 
Elasmobmnchii, the cells derived from the granular stratum give rise 
to a more or less cinnplete ctdlular floor for the segmentation aivity. 
The segmentation cavity thus becomes enclosed between an hypo- 
blastic floor and an epiblastic roof sevi*nil cells deep. It becomes 
obliterated shortly after the appeanince of the medullary plate. 
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At about the time when the three layers become established the 
embryonic swelling takes a somewhat shield-like form (fig. 33 A). 
Posteriorly it terminates in a caudal ])rominence {ts) homologous 
with the pair of caudal swellings in Elasmobranchs. The homologue 
of the medullary groove very soon appeal's as a shallow groove along 
the axial line of the shield. After these changes there takes place 
in the embryonic layers a series of differentiations leading to the 
establishment of the definite organs. These changes are much more 
difficult to follow in the Teleostei than in the Elasmobranchii, owing 
partly to the similarity of the Cells of the various layers, and partly 
to the primitive solidity of all the organs. 

The first changes in the epiblast give rise to the central nervous 
system. The epiblast, consisting of the nervous and epidermic strata 
already indicated, becomes thickened along the axis of the embryo 
and forms a keel projecting towards the yolk below : so great is the 
size of this keel in the front part of the embryo that it influences 
the form of the whole body and causes the outline of the surface 
adjoining the yolk to form a strong ridge moulded on the keel of the 
epiblast (fig. 32 A and B). Along the dorsal line of the epiblast 
keel is placed the shallow medullary groove ; aiid according to 
Calberla (No. 6i) the keel is formed by the folding togetlier of 
the two sides of the primitively uniform epiblastic layer. The keel 
becomes gradually constricted off from the external epiblast and 
then forms a solid cord below it. Subsequently there apjx^ars in 
this cord a median slit-like canal, which forms the j>erman(uit central 
canal of the cerebrospiiud cord. The peculiarity in the formation 
of the central nervous system of Teleo.stei consists in the fact that 
it is not formed by the folding over of the sides of the medullary 
groove into a canal, but by tlie separation, below the medullary 
groove, of a solid cord of epiblast in which the central canal 
is subsequently formed. Various views liave been put forward to 
explain the apparently startling difference betwecui Teleostid, with 
which Lepidosteus and Petromyzon agree, and other veitebrate 
forms. The explanations of Gotte aial Calberla appear to me to 
contain between them the truth in this matter. The groove above 
in part represents the medullary groove ; but tlie closure of the 
groove is represented by the folding together of the lateral parts of 
the epiblast plate to form the medullary keel. 

Accoixling to Gotte this is the whole explimation, hut Calberla states 
for Syngnathus and Sairno that the ej>iderrnic layer of the epiblast is 
carried down into the keel as a double layer just as if it Imd Inicu really 
folded in. Tliis ingrowth of tlie epidermic layer is sliewn in fig. 32 A 
where it is just commenciag to ])ass into the keel ; and at a later stage 
in fig. 32 B where the keel has reached its gi’catest depth. 

Gotte maintains that Call)erla*s statements are not to be trusted, and 
I have myself been unable to confirm them for Teleostei or Lepidosteus ; 
hut if they could l>e accepted the difference in the formation of the 
medullaiy canal in Teleostei and in other Veilebrata would V>ecom6 
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altogether unimportant and consist simply in the fact that the ordinary 
open medullary groove is in Teleostei obliterated in its inner part by the 
two sides of the groove coming together. Both layers of epiblast w^ould 
thus have a share in tike formation of the central nervous system; the 
epidermic layer giving rise to the lining epithelial cells of the central 
canal, and the nervous layer to the true nervous tissue. 


Tlie sej)aration of the solid nervous system from the epiblast 
t ikes place relatively very late ; and, before it has been completed, 
the first traces of the auditory pits, of the optic vesicles, and of 
the olfactory pits are visible. The auditory pit arises as a solid 
thickening of the nervous layer 


of the t^piblast at its point of 
junction with the medullary 
keel; and the optic vesicles 
spring as s<ilid oiitgrowtlis 
from part of the keel itself. 
The olfactory pits are barely 
indicated as thickenings of the 
nervous layer of the epiblast. 

At this early stage all the 
organs of special sense are at- 
tached to a Javer continuous 



with oi' forming part of tiny 


central nervous system ; and 
this fact hius led Gdtte (No. 63) to- 
speak of aspecial-seiise plate, 
belonging to tlie central nervous 
systeiiv and not to the skin, from 
which all the organs of special 
sense are developed ; an<l to con- 
clude tliat a serial homology 
exists bet wen these organs in 
their d«*v(*K)pment. A compari- 
son between Teleosttd and other 
forms shews that this view ean- 
nt)t be upheld ; even in Teleostei 
the auditt)rv ami (dfactory nidi- 
ments arise ratiier from the 



ej»ihlast at the sides of the brain 30. Two tuaxsverre sections or Syn- 

than from the brain itself, while onathus. (After Calberla.) 


tin* optic vesicles spring from 
the first directly from the me- 
dullary keel, and are therefore 
connected w’ith tlie central ner- 
vous system rather than with the 
external epiblast. In a slightly 
later stage the different connec- 
tions of the two sets of sense 


A. Yonnper pta^e before the definite es- 
tablishment of the notochord. 

Jt. Older stave. 

The opiilermic layer of the epiblast is re- 
presented in black. 

fp, epidorniic layer of epiblast ; me, nenral 
cord; %. hypoblast; me. mesoblast; ch, 
notochord. 


organs is conclusively shewn by the fact that, on the separation of the 
central nervous system from the epiblast, the optic vesicles remain attached 
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to the former, while the auditory and olfactory vesicles are continuous with 
the latter. 

After its separation from the central nervous system the remainder 
of the epiblast gives rise to the skin, etc., and most probably the 
epidermic stratum develops into the outer layer of the epidermis and 
the nervous stratum into the mucous la^^er. The parts of the organs 
of special sense, which arise from the epiblast, are developed from 
the nervous layer. In the Trout (Oellacher, No. 72) both layers are 
continued over the yolk-sack ; but in Clupeus and Gasterosteus only 
the epidermic has this extension. According to Gbtte the distinc- 
tion between the two layers becomes lost in the later embryonic 
stages. 

Although it is thoroughly established that the mesoblast ori- 
ginates from the lower of the two layers of the thickened embryonic 
rim, it is nevertheless not quite certain whether it is a continuous 
layer between the epiblast and hypoblast, or whether it forms t>vo 
lateral masses as in Elasmobranchs. The majority of observers take 
the former view, while Calberla is inclined to a(lo})t the latter. 
In the median line of the embryo underneath the medullary groove 
there are undoubtedly from the first certain cells which eventually 
give rise to the notochord ; and it is these colls the nature of which 
is in doubt. They are certainly at first very indistinctly separated 
from the mesoblast on the tw^o sides, and Calberla also finds that 
there is no sharp line separating them from the secondary liypoblast 
(fig, 32 A), Whatever may be the origin of the notochord the 
mesoblast very soon forms two lateral plates, one on each side of 
the body, and betw’een them is placed the iiotocliord (fig. 32 B). 
The general fate of the tw’o me.soblast ])lates is the same as in Ehts- 
mobranchs. They are at first quite solid and exhil)it relatively late 
a division into splanchnic and somatic layers, betw'cen which is 
placed the primitive body cavity. The dorsfil part of the plates 
becomes transversely segmented in the region of the trunk ; and tlius 
gives rise to the mesoblastic sr^mites, from which the muscle plates 
and the perichordal parts of the vertebral column are developed. The 
ventral or outer part remains unsegmented. The cavity of the ventral 
section becomes the permanent body cjivity. It is continued forward 
into the heaxl (Oellacherj, and jwirt of it becomes sepanited off 
from the remainder as the pericardial cavity. 

The hypoblast forms a continuous laytu* below the incsobhist, and, 
in harmony with the generally confined character of the development 
of the organs in Teleostei, there is space left between it and the 
yolk to represent the primitive alimentary cavity. The detiAils of the 
formation of the true alimentary tube have nr)t been nuMle out ; it is 
not however formed by a folding in of the lateral jwirts of the hypo- 
blast, but arises as a solid or nearly solid cord in tlie axial line, 
between the notochord and the yolk, in which a lumen is gradually 
established. 
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In the just hatched larva of an undetermined fresh-water fish with a 
very small yolk-sack I found that the yolk extended along the ventral 
side of the embryo from almost the mouth to the end of the gut. The gut 
had, except in the hinder part, the form of a solid cord resting in a con- 
cavity of the yolk. In the hinder part of the gut a lumen was present, 
and below this part the amount of yolk was small and the yolk nuclei 
numerous. Near the limit of its posterior extension the yolk broke up into 
a mass of cells, and the gut ended behind by falling into this mass. These 
incomplete observations appear to shew that the solid gut owes its origin 
in a large measure to nuclei derived from the yolk. 

When the yolk has become completely enveloped a postanal 
section of gut undoubtedly becomes formed; and although, owing 
to the solid condition of the central nervous system, a communication 
between the neural and alimentary canals cannot at first take place, 
yet the terminal vesicle of the postanal gut of Elasmobranchii is repre- 
sented by a large vesicle, originally discovered by Kupffer (No. 68), 
which can easily be seen in the embryos of most Teleostei, but the 
relations of which have not been satisfactorily worked out {vide fig. 
34, hijv). As the tail end of the embryo becomes separated off from 
the yolk the postanal vesicle atrophies. 

General development of the Embr]ro. Attention has already 
been called to the tact that the embryo first apjxjars as a thickening 
of the edge of the blastoderm which soon assumes a somewhat shield- 
like form (fig. 33 A). The hinder end of the embryo, which is placed 
at the edge ot the blastoderm, is somewhat prominent, and forms the 
caudal swelling (is). The axis of the embryo is marked by a shallow 
groove. 

The body now rapidly elongates, and at the same time becomes 



Fio. 88. TbHBK BTAOE8 IN THE DEVELOPMENT OP THE SALMON. (After His.) 
t». tail-swelling; aw.r. auditoiy vesicle ; or. optic vesicle ; ce. cerebral rudiment ; 
m.b. mid-brain; ch. cerebellum; m<f. medulla oblongata; mesoblastio somite. 
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GENERAL GROWTH OF THE EMBRYO. 


considerably narrower, while the groove along the axis becomes shal- 
lower and disappears. The anterior, and at first proportionately a 
very large part, soon becomes distinguished as the cephalic region 
(fig. 33 B). The medullary cord in this region becomes very early 
divided into three indistinctly separated lobes, representing the fore, 
the mid, and the hind bmins : of these the anterior is the smallest. 
With it are connected the optic vesicles (oc ) — solid at first — which 
are pushed back into the region of the mid-brain. 

The trunk grows in the usual way by the addition of fresh somites 
behind. 

After the yolk has become completely onv-eloped by the bhistoderm 
the tail becomes folded ofi‘, and the siune })rocess takt‘s place at th(‘ 
front end of the embryo. The free tail end of the embryo continues 
to grow, remaining however closely applied to the yolk-sack, round 
which it cuds itself to an extent \arving with the species {vide 
fig. ;u). 

The genenil growth of the embryo during the later stag(‘s pre- 

S(*nts a few special featinvs of int^irest. 
The head is renuirkable for the small 
ap[>a.rent amount of the cranial fiexurt*. 
This is probably due to the late di- 
velopimmt of the C(*rel)ral lu‘mispheres. 
The fiexure of the Hoor of the brain 
is howc\er (piite as considerable in 
the Teleostei as in other types. Thi‘ 
gill clefts develop fn»m before back- 
wards. The first clefr is the hyoinan- 
dibular, aial behind this tlnu'e are the 
hyobranchial and fair branchial clefts. 
Simultaneously with the clefts there 
are develo]»ed the branchial arclujs. 
The ))ostoral arches formed are the 
ntandibular, hyoid and five branchial 
arches. In the case of the Salmon all 
of these appear before hatching. 

The first cleft closes up very early (jibout the time of hatching in 
the Salmon); and about the same time thire spring.s a membranous 
fold from the hyoid arch, which gradually grows backwards over the 
arches following, and gives rise to the operevdum. There appear 
in the Salmon shortly before hatching double rows of jmpilla^ on 
the four anterior arches behind the h>oid. Th(‘y are the rudiments 
of the branchiae. They reach a considenible length before they 
are c(»vered in by the opercular membian(\ In C^>bitis (Gdtte. 
No. 64 ) they appear in young larvae as filiform j)ro< e.ss(*s equivalent 
to the external gills of Ehismobranchs. TIkj <\\tremities of these 
processes atrophy; while the basal iK>rtions become the permanent 
gill lamellae. The genenil relation of the chdts, after the clostire of 
the hyonmndibular, is shewn in fig. 3 o. 



KMBKYO or A HEKIllKti IN IHE EiWJ. 

(-\fter Kupffer.) 

oc. eye; ht. heart; hijw post- 
anal vesicle; ch. notocliord. 
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The air-bladder is formed as a dorsal outgrowth of the alimentary tract 
very slightly in front of the liver. It grows in between the two limbs of 
the mesentery, in which it ex- 
tends itself backwards. It ap- 
pears in the Salmon, Carp, and 
other types to originate rather 
on the right side of the median 
dorsal line, but whetlier this fact 
has any special significance is 
rather doubtful. In the Salmon 
and Trout it is formed consub r- 
ably later than the liver, but tlie 
two are stat«^d by Von Baer to 
arise in the (.^ai'p n(‘arly at the 
same time. The absence of a pneu- 
matic duct in the Physoclisti is 
due to a jK)8t-larval atrophy. The 
region of tlie stomach is reduced 
almost to nothing in the larva. 

The oBsopliagus becomes solid, like that of Elasniobranchs, and remains 
so for a considemble period after Imtchiiig. 

The liver, in the earliest stage in which I have met with it in the 
Trout (27 days after impregnation), is a solid vential diverticulum of the 
intestine, which in the region of the liver is itself without a lumen. 

^riie excretory system commences w*ith the formation of a segmental 
duct, formed by a constriction of the parietal wall of the peritoneal ciivity. 
The anterior end remains o|>on to the body cavity, and forms a pronei)hr(>s 
(head kidney). On the inner side of and opposite this opening a glomerulus 
is develojHjd, and the part of tlie body cavity containing both the glomerulus 
and the ojiening of the pronephros becomes shut off from the remainder 
of the b<Kly cavity, and forms a completely closed Malpighian capsule. 

The mesonephros (Wolffian body) is late in developing. 

The unpaired fins arise as simple folds of the skin along the 
dorsiil and ventnd edges, continuous with each other round the 
end of the tail. The ventral fold ends anteriorly at the anus. 

The dorsal and anal fins are developed from this fold by local hyper- 
trophy. The caudal fin‘, however, undergoes a more complicated 
metaniorj)hosis. It is at first symmetrical or nearly so on the dorsal 
and ventral sitlos of the hinder end of tlie notochord. This .sjTninetry 
is not long retained, but very soon the ventral part of the fin with 
its fin rays becomes much more developed than the dorsal piirt, and 
at the same time the posterior part of the Aotochord bends up towards 
the dorwd side. 

In some few cases, e.g. Gadus, Salmo, owing to the simultaneous 
appeamnee of a number of fin niys on the doi'sal and ventral side^of 
the notocliord the external symmetry of the tail is not interfered 
with in tlio above prcK*esses. In most instances this is far from 
being the ca.se. 

> In addition to the paper by Alex. Agassiz (Ko. 55 ) vide papers by Hnxley, Kolliker, 
Tojjt, etc. 



Fi« 35. Diagrammatic view of the he in 

OF AN EMBRYO TeLEOSTEAN, WITH THE PRIMI- 
TIVE VAKCITLAR TRUNKS. (From Gegenbaur.) 

fl. auricle; r. ventricle; abr. branchial 
artery; r'. carotid; ad, aorta; 8, branchinl 
clefts; xr. sinus venosus; <k\ ductus Cuvien; 
II. nasal pit. 
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FORMATION OF THE TAIL. 


In the Flounder, which may serve as a type, the primitive sym- 
metry is very soon destroyed by the appearance of fin rays on the 
ventral side. The region where they are present soon forms a lobe ; 
and an externally heterocercal tail is produced (fig. 36 A). Tlie 
ventral lobe with its rays continues to grow more prominent and 
causes the tail fin to become bilobed (fig. 36 B) ; tliere being a dorsal 
embryonic lobe without fin rays (c), which contains the notocmord, and 
a ventral lobe with fin rays, which will form the permanent caudal fin. 
In this condition the tail fin resembles the usual Elasmobranch 


A. 



Fio. 86. Three stages in the i>e- 

- ... 17 , 


form or still more that of some 
Ganoids, e.g, the Sturgeon. The 
ventral lobe continues to develop ; 
and soon projects beyond the dorsal, 
which gradually atrophies t<^gether 
with the notochord contained in it, 
and finfilly disappears leaving hardly 
a trace on the dorsal side of the 
tail (fig. 36 il, c). In the mean- 
time the fin rays of the ventral 
lobe gradually become paiullel to 
the axis of the body ; and this lobe, 
together with a few ac'cessory dorsal 
and ventral fin rays supported by 
neural and luemal proces.ses, forms 
the permanent tail fin, which though 
internally unsyinmetrical, assumes 
an externally symmetrical form. 
The upturnecl end of the notochord 
which was originally continued into 
the primitive dorsiil lobe becomes 
ensheathed in a bone without a 
division into separate verU?brje. 
This bone forms the urostyle(?/). The 
ha*mal proce.sses belonging to it are 


A, Stage in which the permanent 
caudal 6n has commenced to be visible 
as an enlargement of the ventral side of 
the embiyonio caudal fin. 

B. Ganoid'like stage in which there 
is a true external heterocercal tail. 


ma.sses, which subsecpiently ossify, 
forming tlie hypnral bones, and 
suppfjrting the primary fin rays of 
the tail (fig. 36 C). The ultimate 
changes of the noU>chord and uro- 


C. Stage in which the embryonic Style vary very considentbly in the 
caudal fin has almost completely atro- different types of Teleostei. Tele- 
^ . ostei may fairly be descrilxid as 

tiirough m ElMmobranch 
B^le. stage or a sUige like that of most 

pre-jurassic Ganoids or the Stur- 
geon as far as concerns their caudal fin. 

The anterior paired fins ari.se before the posterior ; and there do 
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not appear to be any such indications as in Elasmobranchii of the 
paired fins arising as parts of a continuous lateral fin. 

Most osseous fishes pass through more or less considerable post-em- 
bryonic changes, the most remarkable of which are those undergone by the 
Pleuronectidse*. These fishes, which in the adult state have the eyes 
unsymmetrically placed on one side of the head, leave the egg like normal 
Teleostei. In the majority of cases as they become older the eye on the 
side, which in the adult is without an eye, travels a little forward and 
tlien gradually rotates over the dorsal side of the head, till finally it comes 
to lie oil the same side as the other eye. During this process the rotating 
eye always r<*niain 8 at the surface and continues functional ; and on the 
two eyes coining to the same side of the head the side of the liody without 
an organ of vision loses its jiigment cells, and becomes colourless. 

The dorsal fin, after the rotation of the eye, grows forward beyond 
the level of the eyes. In the genus Plagusisi(Steenstrup, Agassiz, No. 56 ) the 
dorsal fin grows forward before the rotation of the eye (the right eye in 
this form), and causes some modifications in the process. The eye in 
tiavelling rouml gi-adually sinks into the tissues of the head, at the base 
of the fin above the frontiil bone ; and in this process the original large 
opening of the orbit bi'comes much reduced. Soon a fresh opening on 
the opposite and left side of the dorsal fin is formed ; so that the orbit has 
two external op<*nings one on the left and one on the right side. The 
original one on the right 8 c»on atrophies, and the eye passes through the 
tissues at the base of the dorsal fin ct»mpletely to the left side. 

The rotating eye may be either the riglit or the left accoi*ding to the 
.spi»cio 8 . 

The most remarkable feature in w'hich tin* young of a large number c»f 
Teleostei difi’er from the adults is the possession of provisituuil spines, very 
often foruuHl as osseous sjiinous projections the spaces between wdiich 
become filled up in the arlult. The.se processes are probably, as suggested 
by GUntlier, secondary developments accpdred, like the Zocea spines ol 
larval (Jnistaceans, for purposes of defence. 

The yolk-stick varies greatly in size in the different tyjies of 
Teleostei. 

Acconling as it is enclosed within the body-wall, or forms a distinct 
vcntml ap[iendage, it is s[>okeu of by Von Baer as an internal or exu^rnal 
yolk-sack. By Von Bner the yolk-sack is stated to remain in comiuunica- 
lion with the iutt*Htine immediately behind the liver, wliile Lereboullet 
states that tliere is a vitelline pedicle o|>ening bt^twcen the stomach and 
the liver which persists till the absorption of ihe yolk-sack. My owm 
observations do not fully confirm eiUier of ih<*.se statements for the Salmon 
and Trout. 80 far as I have Wn able to make out, all c<»miminication 
betwiHUi the yolk-sack and the aliimmtarv tract is completely obliterated 
very early. *Ju tlu^ Trout the coinniunicatiou between the two is shut ofi* 
hefora liatching, and in the just-hatche<l Salmon 1 can find no trace of any 
vitelline ])edich^ 4 he alwiorption of the yolk would .seem therefore to be 
effoctod eutindy by blood-vessels. 


B. K. U. 


' Vtt/f .\j;as9i/ (No. 56) and Steonstrup, Malm. 
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The yolk-sack persists long after hatching, and is gradually 
absorbed. There is during the stages either just before liatching or 
shortly subsequent to liatchiug (Oyprinus) a rich vascular develop- 
ment in the inesoblast of the yolk-sack. 'I'he blood is at first con- 
tained in lacunar spaces, but subsequently it becomes confined to 
definite channels. As to its exact relations to the vascular system 
of the embryo more observations seem to be required. 

The following account is given l»v Rathke (Ko. 72*) and Lerehoullot 
(No. 71). At first a subintestiiial vein (rule chapter on (firculation) falls 
into the lacunai of the yolk-sack, and tlie blood from these is brought back 
direct to the heart. At a Inter ]K‘riod, whim the liver is develo[)ed, the 
Rubintostinal vessel breaks up into capillaries in the liver, thence passes 
into the yolk-sack, and from this to tho heart. An artery arising from 
the aorta penetrates the liver, and there breaks up into capillaries con- 
tinuous with those of the yolk-sack. This vessel is pculuqis the equiva- 
lent of th(‘ artery which supplies the yolk-sack in Elasmohranchii, but it 
seems j^o.ssilde that then^ is some error in the aho\(‘ description. 
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CHAPTER V. 

CYCLOSTOMATA^. 


Petromyzox is the only typo of this degenerated but primitive 
group of Fishes the development of whicli has been as yet studied*. 

The development does not however throw any light on the rela- 
tionships of the group. The similarity i)f tlie mouth and other j)arts 
of Petromyzoii to those of the Tadpole probably indicates that 
there existed a common ancestral form for the CVclostoinatu and 
Amphibia, Embryology does not however add anytliing to the anato- 
mical evidence on this subject. The fact of the segmentation lK‘iiig 
com])lete was at one time su])posed to indicate an affinity between 
the two groups; but the discovery that tlie segmentation is iilso com- 
plete in the Ganoids de])rivcs this feature in the development of any 
special weight. In the formation of the lavers and in most other 
developmental characters there is notliingto imply a special relation- 
ship with the Amphibia, and in the moih* (»f formation of (lie nervous 
system Petrornyzon cxhiluts a peculiar ino<litication, otherwi.‘'e only 
known to occur in Teleostci and Lepidostcus. 

Dohrn® was the first to bring into prominence the tlegmeinte characUu* 
of the Cyclostomata. I cannot however a-swuit to his view that they are 
descended from a relatively highly orgauiz<*<l typ(‘ of Fish. It ap[K*ar8 to 
me almost certain that they Udong to a group of fiH]j»\s in wdiitdi a true 
skeleton of branchial bars had not kfcoiiie developed, the hiunchial skele- 

* The following classification of the Cjelostoinata is employed in the present 
chapter : 

I. Hyperoartia e*. Petromyzon. 

II. Hyperotrata rx. Myxine, Bilellostomn. 

* The prewmt chapter is in the main founded up<jn obsenations uhieh I was able to 

make in the spring of the development of Petr<»myzon Plnneri. Mr Hcott 

veiy kindly looked over my pr<»of-she<ds and made a number of valuable suggestions, 
and also sent me an early copy of his preliminary note (No. 87 ), whicJi I have been 
able to make use of in correcting my proofsbeets. 

* Ver Urnprunff d. WiMthiere, etc. I^eipzig, 1875. 
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ton they possess being simply an extra-branchial system ; while I see no 
reason to suppose that a true branchial skeleton has disappeared. If the 
primitive Cyclostomata had not true branchial bars, they could not have 
had jaws, because jaws are essentially developed from the mandibular 
branchial bar. Tliese considerations, which are supjK)rted by nunjerous 
other features of their anatomy, such as the character of the axial skeleton, 
the straightness of the intestinal tube, the presence of a subintestinal vein 
etc., all tend to prove that these fishes are remnants of a j»rimitive and 
prffignathostomatous group. The few surviving members of the group 
have probably owed their [u-eservation to their parasitic or seniiparasitie 
habits, while the grouf> its a whole probably disappeared on the appearance 
of gnathostomatous Vertebrata. 

The ripe oviini of Petromyzon Planeri is a slightly oval body of 
about 1 inm. in dianietcr. It is mainly formed of an opacjue nearly 
white yolk, invested by a membrane composed of an inner perforated 
layer, and an outer structureless layer. There appears to be a 
pore perforating the inner layer at the formative pole, wliich may be 
called a micropyle (Kuptfer and Btuiecke, No. 79 ). Enclosing the 
egg-immibraiies there is present a mucous enveloj>e, which causes the 
i‘gg, wlu*n laid, to adhere to stones or other f)l)jects. 

Impregnation is effected by the male attaching itself by its sucto- 
rial moutli to the female. Tlu‘ attached couple then shake together; 
and, as they do so, they respectively emit from their abdominal pores 
ova and spermatozoa which pass into a hole previously made\ 

Tlie segmentation is total and uiKHpuil, and closely resembles 
that in the Frog's egg ( Vol. i. p. 7 H). The up])er pole is very slightly 
whiter tlian the lower. A 
s(‘gim»ntation cavity is formed 
very t*arly, ami is jdaeed be- 
tween the small cells of the 
up]>er i>ole and the hngt* cells 
of the lower pole. It is ])ro- 
]>ortitmately larger than in the 
Frog ; and the ixud eventually 
thins out so as to be formed 
of a single row of small cell.s. 

At the sides of the segment^i- 
tion cavity there an* always 
several rows <if small cells, 
which gradually merge inti) 
the larger cells of the lower 
The segmen- 
etol in al)out 

The segmentation is fol- 

' ArtiHtiial iiiipn^KUtition nmy In* etTirUd willuMit dilVic\ilty by <»ut into the 

Hjiiin* vc'HHt‘1 t)u* ova ainl H|>eniiHtozoa of a ripe iiiifl inab*. The fertilized 

are easily n*aretl. IVtrouiy/.tui IManori l»r«His dining tlio hec« iid Imlf of April, 


pole of the egg. 
tation is compi 
fifty hours. 



THlUUtlH AN KMHUYO OK PKTUOMYZUS PlANKIU 

OK laO Horns. 

me. mesoblast: f/A*. yolk-cells; ol. aliinen- 
tarA* tract; hi. blastopore; segmentation 
cavity. 
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FORMATION OF THE LAYERS. 


lowed by an asymmetrical invagination (lig. 37) which leads to a 
mode of formation of the hypoblast fundamentally similar to that in 
the Frog. The process has been in the main correctly described by 
M. Schiiltze (No. 8i). 

On the border between the large and small cells of the embryo, 
at a point slightly below the segmentation cavity, a small circular 
pit appears; the roof of which is formed by an infolding of the 
small cells, while the floor is formed of the large cells. This pit is 
the commencing mesenteron. It soon grows deeper (fig. 37, at) and 
extends as a well-defined tube (shewn in transverse section in fig, 38, 
al) in the direction of the segmentation cavity. In the course of the 



FlO. 38 . TlUXSVFHiiE SE<TI()N' A pKTHOM\/4>N JOO AFI Ht 

IMPUKCJNAIION, 

vp. cpiblast; ul. ; yk. ; mu. 

formation of the mesenteron the .segmentation cavity gra<lually 
becomes smaller, and is finally .about the 2(M)th hour) obliterati'd. 
The roof of tlie rne.senteron is foimed by tin* contimieil invagination 
of small cells, and its floor is composed of large* yolk-cells. The wide 
external opening Is arciied <iV(*r dorsally by a 8f»im*what jirominent 
lip — the hornologue of the embryonic nm. The o)K‘ning jHTsists 
till nearly the, time of hatching; hut eventually hecomes closed, 
and is not converted into the ]»ermaii(*nt anus. On tlu* formation of 
the mesenteron the hyj)obla.st is (‘ompo.sed of two groups of cells, 
(1) the yolk-cells, and (2) the cells forming the roof of the mesen- 
teron. 

While the above changes are taking place, the small cells, (»r us 
they may now be called the epiblast cells, gradually Hprea<l over tl)c 
large yolk-celis, as in normal tyjw.s of ejiibolic invagination. The 
growth over the yolk-cells is not .symmetrical, hut i.s most rapid in 
the meridian oppo.site the of>ening of the alimentary cavity, so that 
the latter is left m a bay (cf. Elasinobrjincbii, j). olj. The epibi)lic 
invagination takes place as in Molluscs and many oilier forms, not 
‘y by the division of pre-existing epibla.^t cells, but by the forma- 
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tion bf fresh epiblast cells from the yolk cells (fig. 37) ; and till after 
the complete enclosure of the yolk cells there is never present a sharp 
line of demarcation between the two groups of cells. By the time 
that the segmentation cavity is obliterated the whole yolk is enclosed 
by tlie epiblast. The j oik cells adjoining the opening of the mesen- 
teron are the latest to be covered in, and on their enclosure this 
opening constitutes the whole of the blastopore. The epiblast is 
conii>osed of a single row of columnar cells. 

Mesoblast and notochord. During the above changes the meso- 
blast becomes established. It arises, as in Ela.smobranchs, in the 
form of two plates derived from the primitive hyp(3blast. During the 
invagination to form the mesenteron some of the hypoblast cells on 
eatdi side of the invaginated layer become smaller, and marked off as 
two imperfect j)late.s (fig. 38, ms). It is difficult to say whether 
these plates are entirely <lerived from invaginated cells, or are in jmrt 
directly formed from the pre-existing yolk cells, but I am inclined to 
atiopt the latter view; the ventral extiuisitm of the mesoblast plates 
undoubtedly takes place at the exptuise of the yolk cells. The meso- 
blast plates soon become nu>re definite, and form (fig. 31), ms) well- 
defineil structures, triangular in 
s(*ction, on the two sides of the 
middle line. 

At the time the mesoblast is 
first formed the hypobhist celb, 
which roof the mesenteron. aie 
often imperfectly two la\ers 
thick (fig. 38). They soon how- 
i'vvr become constituted of a 
.single layer oidy. When the 
mesoblast is fairly establisluHl. 
the lateral parts of the hy|K»- 
blast grow inwards underneath 
the axial part, .so that the latter 
(fig. 31), ch) first becomes isolattsl 
as an axial cord, and is next in- 
closed between the m<‘dullurv 
coni (ac) (which has by this time 
been formed) and a continuous 
sheet of hyi>obla.st below (fig. 40). 

Here its cells divide and it becomes the notochonl. The notochord is 
thins bmlily formed out of the axial po|*tion of the primitive hypoblast. 
Its mode of origin may lie compared with that in Amphioxus, in 
which an axial fold of thi‘ archenteric wall is constricted off as the 
notochord. The above fiatures in the development of the notochord 
were first establishetl by CallHTla' (No. 78). 
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Fa.. Ti:\V'i\Fr.NK ki itiox THhoi i.H 

AN' bMimVO OF rKTKtJiiYZOX ri..\\rUI OF *20S 

nouns. 

The fii^are the formation of 

the neural cord and of the notixdiord. 

IHJJ. luesobla'^t ; n.t\ neural coul ; ch. noto- 
chord; ifk. volk cells; «/. alimentary canal. 


* In Calborla^H llf^ure, shewinij the de\eloj»inent of the notochord, the limits of 
moKoblaHt and hy]K)bla8t are wron^jly indiean*<l. 
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GENERAL DEVELOPMENT, 


General history of the development. Up to about the time when 
the enclosure of the hypoblast by the epiblast is completed, no 

external traces are visible of any 



of the organs of the embryo; 
but about this time, %,e, about 
180 hours after impregnation, 
the rudiment of the medullary 
plate becomes established, as a 
linear streak extending forwards 
from the blastopore over fully 
one half the circumference of 


Fio. 40. Transverse section Tniiorciii 

PART OF AN EMIIRAO OF l*ETR()M\ZON 1’LANERI 
OF 256 HOURS. 

w,c, medullary cord; ch. notochord; al. 
alimentary canal ; ms, mesoblastic plate. 


the embryo. The medullary 
plate first contains a shallow 
meilian groove, but it is con- 
verted into the medullary cord, 
not in the usual vertebrate 


fashion, but, as first slievvn by Calberla, in a manner much more 
<*loseIy resembling the formation of tlic medullary cord in Teleostei. 
Along tlie line of the median groove the ejublast becomes thickened 
and forms a kind of ktnd j»r»»jecting inwards towards the hypoblast 
(fig. 39, nc). This keel is the rudiment of the ineilullary cord. It 
soon becomes more jMvuninent, the nunlian groovt^ in it disapj>ears, and 
it become,s separated from the e]»iblast as a solid cord (fig. 40, vie). 

By this time the whole einbrvi> has become more elongat(Ml, and 
on the dorsal surface is pla<*ed a lidge formed by the pn»jection of the 
medullary cord. At the lip of the blastopore the medullary cord is 
continuous with tiie hypobhv^t, thus forming the rialiimuit of a neur- 
enteric canal. 


Calberla gives a similar aocoimt of the forniation of the neural canal 
to that which he gives for tht‘ Teleostei (roA’ j>. ail). 

He states that the epiblast )>ec()in(*H divided into two layers, of which 
the outer is involut'd into the neural cord, a median slit in the involution 
representing the neural groo\e. Tin* eventual neural canal is staUnl to 
he lined by the involuti'd cells. *Scott (Xu. 87) fully confirms (.alherla on 
thi.s point, and, although my own .sections do not clearly shew an iiiNohi* 
tion of the outer layer of epiblast cells, tlie testimony of these two 
observers mu.st no doiilit be accepted on tlii.s point. 

Shortly after the compb*te ostabli.shment of the nctiral cord the 
elongation of tin* embryo procec*ds with great rapidity. The pro- 
ce.sses in thi.s growth are .shewn in fig. 41, A, H, ami C. Tin* cephalic 
portion (A, c) first becomes distinct, forming an anterior protuberance 
free from yolk. About the lime it is fonm*d the mesol)la.stic jJates 
begin to be divided into somites, but the embryo is so opacpie that 
this process can only be studied in sections. Shortly afterwaids an 
axial lumen appears in the centre of the neural cord, in tlie same 
manner as in Teleostei. 

The general elongation of the embryo continues rapidly, and, a.s 
shewn in my figures, the anterior end is applied to the ventral 
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surface or of tlie yolk (B). With the growth of the embryo 
the yolk becomes entirely confined to the posterior part. This 





Fig. 41. Forn stuiks in the in-.VEi.orMr.XT of pETnoMTzoN. 

(Aftor ( )^^ >jamiikuil ) 

c. coplialic extremity; hJ, blabtopore; op, optic vesicle; an.v, auditory vesicle; 
hr.c. braiicliiul clefts. 


part is acconlinsjly ^catly dilatcnl, and might easily be mistaken 
for the head. The position of the yolk gives to the embryo a very 
peculiar ap])earanct*. Tlie apparent ditt’erence between it and the 
embryo.s of other Fi.shes in the ])osition of the yolk is due in the 
main to the fact that the ]H)stanal portion of the tail is late in 
developing, and always small. As the embryo grows longer it 
becomt‘8 spirally coiled within the egg shell. Before hatching the 
mesohlastic somites beemne di>tiiK*tly marked (C). 

Tlie hatching takes place at between 13 — 21 days after im- 
pregnation ; the [K'liod varying according to the temperature. 

During the above changes in tlie external form of tlie embryo, the 
development of the various organs makes great progress. This is 
especially theea^e in the head. The brain becomes distinct from the 
spinal coni, and the auditory sacks and the optic vesicles of the eje 
bcu'orne formed. The branchial region of the mesenteron becomes 
establisheil, and causes a dilatation ot the anterior part of the body, 
and the brancliial pouches grow out from the throat. The anus 
becomes formed, and a neuriuitoric canal is also established (Hcott). 
The nature of those ami other changes will best be understood by a 
description of the structure of tlie just-hatclied larva. The general 
appearance of the larva iinmediateiy after hatching is shewn in fig. 
41, I). The body is someWliat curved; the post^^rior extremity being 
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much dilated with yolk, wliile the anterior is very thin. All the cells 
still contain yolk particles, which render the embryo very opaque. 
The larva only exhibits slow movements, and is not capable of swim- 
ming about. 

The structure of the head is shewn in figs. 42 and 43. Fig. 42 is a 
section through a very young larva, while fig. 43 is taken from a larva 
three days after batching, and shews the parts with considerably 
greater detail. 

On the ventral side of the head is placed the oral opening (fig. 
43, m) leading into a large stomodseum which is still without a com- 
munication with the mesenteron. Yentrally the stomodieum is 
prolonged for a considerable distance under the anterior part of the 
mesenteron. Immediately behind the stomoda3um is placed the bran- 
chial region of the mesenteron. Laterally it is produced on each side 
into seven or perhaps eight branchial pouches (fig. 43, hi\c), wiiich 
extend outwards nearly to the skin but are not yet op(*n. Between 
the successive pouches are placed mesoblastic segniiaits, of the 
same nature and .'structure as the walls of the head cavities in the em- 
bryos of Elasmobrauchs, and like thorn enclosing a central cavity. A 
similar structure is placed behind tlie last, and two similar structures 
in front of the first persistent pmch. This }>ouch is situated in the 
same vertical line as the auditory sack biw.e'), and \vould ajipear there- 
fore to be the hvo-branchial cleft ; imd this identification is confirme<l 
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Fic;. 42. Du(;kamm\iic VKinu xi. ‘«i:( imv of a .hsf ir\niini lakva 
ri’.TBOMYzoN. (From (i( j(Fijl»aur; afti r ( uHjoiIji.) 

o. month; o', olfactory pit; r. hi ptiim iKtucin HtuimMhiuni uinl iiicj 
fi, thyroid involution ; n. spinal cord ; ch. noti>ciiord ; c. hciut; a. auditory 

by the frict of two liead cavities lK*ing presiutt in front of it. At the 
front end of the branchial region of the me.sentcTon is placed a thickened 
rhlge of tis.suc, which, on the o]>eniiig of the {lassage between the 
stomoda um and the ine.senteron, forms a partial septum between the 
two, and is known a.s the velum (fig. 43, tv). 

According to 8cott (No. 87) a liyomandihuhir pouch fomiing the eighth 
pouch is foriucd in front of the {loucli already defined as tlie hyohiun- 
chial. It disappears early and does not acrpiire gill folds’. The tissue 

' Scott infonnK me that he has been nnaldc to find the hyoniandibiiltir pouch in 
larvie larf;;er than My material of the Hlai^es when it nhoubl he present i« 
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forming the line of insertion of the velum apfiears to me to represent the 
mandibular arch. The grounds for this view are the following : 



Fkj. 43. DlVCili VMMXTIC VFHTK'VL SI r ilON* IHKOl GH THK HKA1» OF A LAKVA OK 

^^T^OM\ZO^^ 

The larva had been hatched three da\'». and was 4*8 iiini. in length. The optic and 
auditory vesicles are su|)}K).-.ed lo he seen through the tissues. The letter tv ixiiiiting 
to tlie base of the velum is whcie Scott helicven the hj^oiuandibiilur cleft to be situated. 

c.h. ci'rebral hemisjdicio; ///.optic thalainus; in. infundibuluiii; jni. pineal gland; 
mb. niid'bruin; vh. ccr<*belluin ; imt. medulla oblongata, au.r. auditory vesicle ; op, 
optic vesicle; ol. olfa<'toi\ jut; ///. mouth; br.c. branchial pouches; th, thyroid 
iiiNohUioii; v.oo. \entiai aoita ; ///. ventiicle of heait ; ck, notochord. 


(1) Tlie structure in (jucstioii liiis fwavthj the position usually occupi<‘d 
by the niandilMihir arcli. 

(!’) Tin re is j /resent in late larva* (Hbout iM) days after hatching) an 
arU‘rial vessel, coniiniied from the veiitnil jirolongatiou of the bulbus 
arteriosus along the insertnm of the velum tow.irds the dorsal aorta, 
wliicli has the relations of a true branchial artery. 

On tin* Ventral a^jiect of the brancliial region is placed a sack 
(iigs. 42, //, aiul 4*1, th ), liicli extends from the front end of the branchial 
n*gion to the fourth eleft. At fir.st it con.stitiit(‘s a groove opening 
into the thioat aiiove (tig 4fKbut soon tiH'o]>ening hecomes narrowed 
to a pore pla(*ed between tin* seeoini and tliiid of tlie permanent 
brancliial pouches (tig. 4*1, th). In Aininotaetes* the siinjJe tube 
lieconn*s di\iiled, and assumes a ^erv cuinjdicated form, though still 
retaining its o|K*ning into tiie branchial region of the throat. In the 
ailult it forms a glandular mass underneath the branchial region of 
the throat e<|ui\alent to the thxroid gland of higher Vertebrates. 

Homewhat Kcantv. hut I have as vet, very likely owing to the imperfection of my 
maieiial, been unable lo timl Scott’s hviuuandibuhir pouch either in my sections or 
surface- views, lluxlf y dcscrils's this jsuich as pix*sent in the form of a cleft in later 
Hiages; I have failed to linil his ch‘ft also. The vessel interpreteii below as the 
branchial artery of the inaiuhhulai arch was only nupi*rfecUy investigated by me, and 
I was not sure of my iiiterpretalioiis about it, Scott however infoims me by letter that 
it is undoubtedly pn‘w*nt. 

* Schneider (No. 85 ) atate.s that in the full-grown Ammtx*a*t©R the opening is situated 
between the third and fourth jxmohes. This is certainly not true for the young larva. 
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On the ventral aspect of the head, and immediately in front of 
the mouth, is placed the olfactory pit (fig. 43, ol). It is from the 
first unpaired, and in just-hatched larvae simply forms a shallow groove 
of thickened epiblast at the base of the front of the brain. By the 
stage represented in fig. 43 the ventral part of the original groove is 
prolonged into a pit, extending backwards beneath the brain nearly 
up to the infundibulum. 

On the side of the head, nearly on a level w'ith the front end^ of 
the notochord, is placed the eye (fig. 43. op). It is cinistituted (figs. 
45 and 4G) of a very shallow optic cup with a thick outer (retinal) 
layer, and a thin inner choroid layer. In contact with the retinal layer 
is placed the lens. The latter is formed as an invagination of the 
skin ; to which it is still attached in the just-hatched larva (fig. 45). 
The eye only differs at this stage from that of other Vertebrata in its 

extraonlinarily small size, and 
the rudimentary character of its 
constituent parts. 

The auditory sack is a large 
vesicle* (fig. 43, plact‘d at 

the side of the brain opposite the 
first persistent brancliial jiouch. 

The brain is formoil of the 
usual V(*rtebrate ])arts\ but is 
characterized by tht* \ery slight 
cranial Hexun*. The fore-brain 
onsists ifig. 43) of a thalamen- 
cephalon (th) and an undividt‘d 
cerebral nuliinent (c.A). To the 
roof of the thalamencephalon is attached a fiattened sack {jm) ^^hich 
is probably the pineal gland. The floor is prolonged into an infundi- 
bulum {in) wddeh contains a prolongation of the third ventricle, 
llie lateral walls of the cerebral rudiment are much thickened. 

Behind the thalamenc<*j)halon ff)llows tin* mi<l-brain {vih), the 
sides of wdiich form the <jptic lobes, and behind this again the hind- 
brain (md)\ the front border of the roof t>f wliicli is thickened to 
form the cerebellum [ch). The medulla passes without any marked 
line of demarcation into the spinal coni. 

The histological differentiation <if the brain lia.s alr(*ady [»roc<*cded 
to .some extent; and it ha.s in the main the same character its the 
spinal cord. Befiu-e the larva has been ljatche<l very long a laforal 
inve.stment of white matter is present throughout. The notocliord {ch) 
is continued forwards in the head to the hinder border of the infun- 
dibulum. It is slightly flexed anterhuly. 

From the hinder border of the auditory region to the end of the 
branchial region the rnesoblast is dorsally divi<led into myotomes, 

^ Mai Schultze^H stateriicuts as to the structure* aiul hintuloKy of the brain ar<i 
\cry itiadequaie in tb<* piv»H*nt ntak* of our kiiowleih^c. 



Fig. 44. Pi\rtK\MMVTic iiuxsvi lls^ six* 

TIOXS THROCGII THE HR\XCHIU. UlXiIOX OF A 
YOCXG LAUVA OF PHROM\ZOX. (I rolU (»t‘- 
genbaur; aft<T (^all>erla. ) 

d. brancliial logioii of throat. 
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which nearly, though not quite, correspond in number with the bran- 
chial pouches. 


The growth of the myotomes would seem, as might be anticipated from 
their independent innervation, not to be 


related to that of the branchial pouches, 
so that there is a want of correspondence 
between these parts, the extent of which 
varies at different periods of life. The re- 
lation between the two in an old larva is 
shewn in hg. 47. 

The head of the larva of Petromyzon 
differs very strikingly in general appear- 
ance from that of the normal Vertebrata. 
This is at once shewn by a comparison 
of fig. 48 with fig. 21). The most im- 
portant <lifference between the two is 
due to the absence of a pronounced 
cranial flexure in Pc‘tromYzon; an ab- 
sence which is in its turn probably 
caused by the small development of the 
fore-brain. 



Fig. 45 . Horizontal section 

THROUGH THE HEAD OP A JUST 
HATCHED LARVA OP PeTBOMYZON 


The stoimKlieum of Petromvzon is the development op the 

• •11 1 •' 1 I.EXS OP THE EYE. 

surnnsingly large, ami its size and ^ i i i 

, ‘ .1 • ' thalamencephalon ; op,v. 

Structure in this type* militate against 0)>tic venicle; l. Ions of eye; h.c. 

the view of noma embrv<»logi.sts that headca\ity. 
the stomoda'um originated from the 
coalescence of a pair of branchial ponchos. 

In the region of the trunk there is present an unintemipted 
dorsjil fin continuous witli a ventral fin round the end of the tail. 


There is a w<*ll-develoj>ed body cavity, which is especially dilated 
in front, in the part which afterwards becomes the piudcardiiim. In 
this region is placed tlu‘ nearly straight heart, divided into an auricle 
and ventricle (tigs. 42 and 48), the lattiT 


continued f\»rwards into a bullms arteri- 
osus. 

The myotonu's are now very numerous 
(alK)Ut 57, including those of the head, in 
a three days larva). They are sejiarated 
by septa, but do not fill up the whole .space 
between the septa, and have a peculiar 
wavy outline. The notochord is])rovided 
with a distinct sheath, and below it is 



plfu^ed a subnotoehordal rod. 

The alimentary canal consists of a 
narrow anterior s(*ction free from yolk, 
and a jKisterior region, tlic walls of which 
an? largely 8wolU»n with yolk. The an- 


Fio. 46 . Eye op a larva of 
Petromyzon n — " 

HATCHING. 

/. lens; .. 

1'he suction passes tlirough 
c»nc side of tbo lens. 
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tenor eection corresponds to the region of the ossophagus md 
stomach, but exhibits no distinction of parts. Immediately behind 
this point the alimentary canal dilates considerably, and on the ventral 
side is placed the opening of a single large sack, which forms the 
commencement of the liver. The walls of the hepatic sack are 
posteriorly united to the yolk-cells. At the region where the hepatic 
sack opens into the alimentary tract the latter dilates considerably. 

The posterior part of the alimentary tract still constitutes a kind 
of yolk sack, the ventral wall being enormously thick and formed of 
several layers of yolk-cells. The dorsal wall is very thin. 

The excretory system is composed of two segmental ducts, each con- 
nected in front with a well-developed pronephros (head-kidney), with 
about five ciliated funnels opening into the pericardial region of the 
body cavity. Tlie segmental ducts in tlie larvae open behind into 
the cloacal section of the alimentarj’’ tract. 

The development of the larv’a takes place with considerable rapidity. 
The yolk becomes absorbed and the larva becomes accordingly more 
transparent. It generally lies upon its side, and resembles in general 
appearance and habit a minute Araphioxus. It is soon able to swim 
with vigour, but usually, unless disturbed, is during the day quite 
quiescent, and chooses by preference the darkest situations. It soon 
straightens out, and, with the disapjx^arance of the yolk, the tail 



Fig. 47 . Head op a larva of Petromvzos bix wfeks olp. 

(Altered from Max Scluilize.) 

aii.r. auditory ▼Gsicle; op. optic vesicle ; ol. olfactory pit; «/. upper lip; tt. lower 
Hp; or.p. pftpilis at side of month; r. velum; hr.». extra branchial skeleton; 1- -7. bran* 
chial clefts. 

becomes narrower than the head. A large caudal fin becomes 
developed. 

When the larva is about twenty tlays old, it bears in most ana- 
tomical features a close resemblance to an Ammocmtes ; though the 
histological differences between my oldest larva (2ft days) and even 
veiy young Ammocoetes are considerable. 

The mouth undeigoes important changes. The upper lip becomes much 
more prominent, forming of itself the anterior end of the liody (fig. 47, uty 
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The opening of the naeal pit is in this way relatively thrown back, and at 
the same time is caused to assume a dorgal position. This will be at once 
understood by a comparison of fig. 43 with fig. 47. On the inner side of 
the oral cavity a ring of papillae is formed (fig. 47, or.p), Dorsally these 
papillae are continued forward as a linear streak on the under side of the 
upper lip. A communication between the oi-al cavity and the branchial 
sack is very soon established. 

The gill })Ouches gradually become enlarged; but it is some time 
before their small external oi>euing8 are established. Their walls, which 
are entirely lined by hypoblast, become mined in folds, forming the 
branchial lamellae. The walls of the head cavities between them become 
resolved into the contractors and dilators of the branchial sacks. The 
extra>bmnchial basketwork becomes established very early (it is present 
in the larva of 6 millimetres, about 9 days after hatching) and is shewn 
in an older larva in fig. 47, hr, a. It is not so complicated in these young 
larvse as in the Ainmoccetea, but in Max Schultze’s figure, which I have 
reproduced, the dorsal eb^ments of the system ai*e omitted. On the dorsal 
wall of the branchial region a ciliated ridge is formed, which may be homo- 
logous with the ridge on the dorsal wall of the bmnchial sack of Ascidians. 
It has been descrilicd by Schneider in Ammoccetes. 

With reference to the remainder of the alimentary canal there is but 
little to notice. The primitive hepatic diveiliculum rapidly sprouts out 
and forms a tubular gland. The opening into the duodenum changes from 
a ventral to a lateral or even domal position. The duct leads into a gall- 
bla<lder imWdded in the 8\ib8tance of the liver. Ventrally the liver is 
united with the abdominal wall, but laterally i)as8ages are left by which 
the pericanlial and laxly cavities continue to communicate. 

The greater }mrt of the yolk l)ecomes employed in the formation of the 
intestinal wall. This part of the intestine in a nine days* larva (6*7 min.) 
has the form of a cylindrical tube with very thick columnar cells entirely 
filled with yolk particles. The dorsal wall is no longer appreciably thinner 
than the ventiul. In the later stages the cells of this p^ of the intestine 
become gnulually less columnar as the yolk is absorbed. 

The fate of the yolk cells in the Lamprey is different from that in most 
other Vertebrata with an equally large amount of yolk. They no doubt 
supply nutriment for the growth of the embryo, and although in the 
anterior part of the intestine they l)eooiiif* to some extent enclosed in the 
alimentary tract ami break uj>, yet in the posterior piirt they become 
wholly tmiisfonued into the regular epithelium of the intestine. 

On the ninth ilay a slight fold filled with mesoblastic tissue is visible 
on the dorsal wall of th<^ intestine. This fold appears to tmvel towaixls 
the ventnd side ; at any vaU) a similar but better-marked fold is visible in 
a veutro-laWml position at a slightly later perioil. This fold is the com- 
mencement of the fold which in the adult makes a half spiml, and is no 
doubt et|ui valent to the s[>iml valve of Elasmobmnehs and Oanoids. It 
contains a prolongation of the (xeliac artery, wdiich constitutes at first the 
vitolliiie artery. 

Tlie nervous system does not undergo during the early larval period 
changes which require a description. 

The opening of the olfactory sack becomes narrowed and ciliated 
(fig. 47, o/). It is carried by the process already mentioned to the dorsal 
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surface of the head. The lumen of the sack is well developed ; and lies 
in contact with the base of the fore part of the brain. 

The vascular system presents no very remarkable features. The heart 
is two-chambered and straight. The ventricle is continued forwards as 
a bulbus arteriosus, which divides into two arteries at the thyroid body. 
From the bulbus and its continuations eight bmncbes are given off to the 
gills; and as mentioned above a vessel, probably of the same nature, 
is given off in the region of the velum. The blood from the branchial 
sacks is collected into the dorsal aorta. Some of it is transmitted to the 
head, but the greater part flows backwards under the notochord. 

The venous system consists of the usual anterior and jM>sterior cardinal 
veins which unite on each side into a ductus Cuvieri, and of a great 
sub-intestinal vessel of the same nature as that in embryo Elasmobranclis, 
which |)ersists however in the adult. It breaks up into capillaries in 
the liver, and constitutes therefore the portal vein. From the iivi*r the 
blood is brought by the hepatic vein into the sinus venosus. In addition 
to these vessels there is a remarkable un])aired 8ul)-branchial vein, which 
brings back the blood directly to the heart from the ventral part of the 
branchial region. 


Hetamorpliosis. The larva just described does not grow directly 
into the adult, but first becomes a larval form, known as Ammoccetes, 
which was supposed to be a distinct species till Aug. Muller (No. 8o) 
made the brilliant discovery of its nature. 


///•\ 



Ffo. 48. Ete or ax Ajcmoccxtes ltxxg 

BEXXATR THE 0KIK. 

epidermis; d.e, dermal connective 
tiasne oontinnous with the sob-dermal con- 
nective tissue («.d.c), which is also shaded. 
There is no definite boundary to this tissue 
where it surrounds the eye. 

m. muscles ; dm. membrane of Desoemet ; 
/. lens ; v,k. vitreous humor ; r . retina ; rp. 
retiiia] pigment. 


The Amrnora'tes does not 
differ to any marked extent from 
the larva just described. Tlie 
histological elements become 
more differentiated, and a few 
organs reach a fuller develop- 
ment. 

The bi'anchiul skeleton Ijecomea 
more develo]X'd, and ca]isule8 fur 
the olfactory sack and auditory 
sacks arc* established. 

The olfactory sack is nearly 
dividtHl into two by a ventral sep- 
tum. The eye (lig. 48) is iiitich 
more fully develo^ied, l»ut lies a 
long way l>olow the surfaca The 
optic cup forms a deep pit, in the 
mouth of which is placed the lens. 
The retinal layers are well de- 
velopcid (cf. Langerhans) and the 
outer layer of tlie optic cup or 
layer of retinal pigment (rp) con- 
tains numerous pigment granules 
especially on its dorsal side. At 
the edge of the optic cuji the two 
layers fall into each other. Tliey 
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constitute ihe commencement of the pigment layer of the iris ; but at this 
stage they are not pigmented. The mesoblast of the iris is hardly 
differentiated. The lens (1) has the normal structure of the embryonic 
lens of Vertebrate. The inner wall is thick and doubly convex, while the 
outer wall, which will form the anterior epithelium, is very thin. There is a 
large space between the lens and the retina containing the vitreous humour 
(v/i). There is no aqueous humour, and tlie tissues in front of the lens bear but 
little resemblance to those in higher Vertebrata. The cornea is represented 
by (1) the epidermis (e/)); (2) the dermis (dc); (3) the sub-dermal connective 
tissue (s,dc) which passes without any sharp line of demarcation into the 
dermis ; (4) a thick membrane continuous with the choroid which repre- 
sents Dcscemet's membrane. The sub-dermal connective tissue is continued 
as an investment round the whole eye. There is no specially differentiated 
sclerotic, and a choroid is only imperfectly indicated ^ The peculiar 
features of the eye of the young larva of the Ammoccetes are probably due 
to degeneration. 

In the brain the two cercdiral hemispheres lie one on each side of the 
anterior end of the thalarnencephalon. There are well-defined olfactory 
lobes, and two distinct olfactory nerves are present. 

The excretory sysUun has undergone great changes. A series of seg- 
mental tubes, which first ap|)ear in a larva of about 9 mm., becomes 
establishefl behind the jironephros, and in an Ainmocxetes of 65 rora. the 
pronephros has begun to atrophy. The genemti\e organs are formed in a 
larva of about 35 mm. Shortly Wfore the metiimorphosis the portion of 
the cloaca into whicli the segmental tubes o[)en becomes separated off a.s a 
distinct urinogenital sinus, the walls of which become pertorated by the 
two al>dotninal pores. 

The Ainiaoca'tes of Petruiiiyzon Pla- 
neri lives in the mud in streams. With- 
out undergoing any marked changes in 
stnicture it gradually grows larger, and 
after three or four years undergoes a 
metamorphosis. Tlie full-grown larva may 
be as large or even larger than the adult. 

The metainoiqdiosis takes place from Au- 
gust till January. The breeding season 
sets in during the second half of April; 
and shortly after depositing its generative 
products the Lamprey dies. The changes 
which take place in the metamorphosis 
are of a most striking kind. 

The dome-shaped mouth of the larva 
is replaced (fig. 47) by a more definitely 
suctorial mouth wiU) homy cuticular teeth 
(fig. 49). The eyes appear on the surface ; 

* Langerhana loc. cif. desoriW the eye of the Ammoccetes in some respects very 
differently from the above. Very probably his description applies to an older 
Ammoomtes. The most important fniints of diffenmoe appear to be (1) that the 
vitreous humour is all but obliterated ; (2) that the iris is much better develoiied. 

B. E. n. 



Fio. 49. Mouth of Pe- 

TROUTZON IIARINUS WITH ITS 

RORNT TRBTB. (Ftom Gegen- 
baur; after Heckel and Kner.) 
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and the dorsal fin becomes more prominent, and is divided into two 
parts. 

Besides these obvious external changes very great modifications 
are effected in almost all the organs, which may be very briefly enu- 
merated. 

1. Very profound changes take place in the skeleton. An 
elaborate system of cartilages is developed in connection with the 
mouth; the cranium itself undergoes important modifications; and 
neural arches become formed. 

2. Considerable changes are effected in the gill pouches, and, 
according to Schneider, whose statements must however be receivol 
with some caution, the branchial sack becomes detached posteriorly 
from the oesophagus, the oesophagus then sends forwards a prolong- 
ation above the branchial sack which is at first solid. This prolong- 
ation forms the anterior part of the oesophagus of the adult, and joins 
the primitive oral cavity at the velum. The so-called bronchus of 
the adult is thus the whole branchial region of the Ammocfjote.s, and 
the anterior part of the oesophagus of tlie adult is an entirely new 
formation. 

3. The posterior part of the alimentary tract of the Ammocoetes 
undergoes partial atrophy. The gall-bladder of the liver is absorbed ; 
and the liver itself cease.s to communicate with the intestine. 

4. The eye undergoes impt»rtjuit changes in that it travels to 
the surface, and acquires all the characters of the normal vertebrate 
eye.^ 

5. The brain becomes relatively larger but more compact, and 
the optic lobes (corpora bigemina) become more distinct. 

6. The pericardial cavity becomes completely s(‘parated from the 
body cavity, and a distinct pericardium is fonmnl. 

7. The mesonephros of the larva distipj)ears, and a fresh posterior 
part is formed. 

Myzilie. The ovum of Myxine when retuly to be laid is inclosed, 
as shewn by Allen Thomson', in an oval homy shell in many respects 
similar to that of Elasrnobranchii ; from its ends there project a 
number of trumpet-shaped tubular processes, which no doubt serve to 
attach it to marine objects. No observations have been made on the 
development. 
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CHAPTER VL 


GANOIDEP. 


It is only within quite recent times that any investigations have 
been made on the embryology of this heten)geneous, but primitive 
group of fishes. Much still remains to be done, but we now know 
the main outlines of the development of Acipenser and Lepidosteus, 
which are representatives of the two important sub-divisions of the 
Ganoids. Both types have a complete segmentation, but Lepidos- 
teus presents in its development some striking approximations to the 
Teleostei. I have placed at the end of tlie chapter a few remarks 
with reference to the affinities indicated by the embryology. 

Acipensku*. 

The freshly laid ovum is 2 mm. in diameter and is invested by a 
two-layered shell, covered by a cellular layer derived from the foHicle^ 
The segmentation, though complete^ approaches the rneroblastic tyjK; 
more nearly than the segmentation of the frog's egg. The first furrow 
appears at the formative pole, at which the germinal vesicle was 
situated. The earlier phases of the segmentation are like those of 
rneroblastic ova, in that the furrows only pem^trnte for a cerUiin 
distance into the egg. Eight vertical furrows apjwar VKjfore the first 
equatorial furrow; which i.s somewhat irregular, and situated close to 
the formative pole. 

* The following classification of the Ganoidei is employed in the present chaplet : 

I. {HajSS,-. 1,. TiUMMO. 

(Lepidosteida. 

* Our knowledge of tlie development of Aci|)enger is in the main derived from 
Salensky's valuable observations. His full memoir is unfortunately published in 
Kttssian, and I have been obliged to satisfy myself with the abstract (No. oo) and 
with what could be gathered from his plates. Prof. Salensky very kindly sup^ied me 
with^me embiyos; and I have therefore been able to some extent to work over the 
subject myself. This is more especially true for the stages after hatching The 
embryos of the earlier stages were not suflidently well preserved for me to observe 
more than the external features and a few points with reference to the lormation of the 
liters. 

» Seven micropylar apertures, six of which form a circle round the seventh, are 
stated by Kowalevsky, Wagner, and OwsjannikoiT (No. 89) to he present at one of 
the poles of the inner egg membrane. They are stated by H^sky to vaiy in number 
from five to tbirteen. 
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In the later stages the vertical furrows extend through the whole 
egg, and a segmentation cavity appears between the small and the 
large spheres. The segmentation is thus in the main similar to that 
of a frog, from which it diverges in the fact that there is a greater 
difference in size between the small and the large segments. 




Fio. 50. Embbtor of Aciprnrkb viewei> fbou the dobsal subface. 

(After Salensky.) 

A. Stn^e before the appearance of the mesoblastic somites. 

13. Stage with five somites. 

.V/ 7 . mcAullary groove; hl.p. blastopore; s.d. segmental duct; Fh. fore-brain; 
7/5. hind-biam; in.«. mesoblastic somite. 

In the final stages of the segmentation the cells become distinctly 
divided into two layers, A layer of small cells is placed at the 
formative ]x>le, and constitutes the epibhist. The cells composing it 
are divided, lik<j those of Teleostei, etc., into a superficial epidermic 
ami a deepiT nervous layer. The remaining cells constitute the pri- 
mitive hypobhist (the I'veutual hypoblast and mesoblast); they form 
a great ma-ss of yolk-cells at the lower pole, and also spread along the 
roof of tlie segmentiitiou cavity, on the inner side of the epiblast. 

A process of unsymmetrit^al invagination now takes place, which 
is in its essential features exactly similar to that in the frog or the 
lamprey, and I must refer the reader for the details of the process 
to the chapter on the Amphibia. The edge of the cap of epiblast 
forms an* equatorial line. For the greater extent of this line the 
epiblast cells grow over the hypoblast, jvs in an epibolic gastnila, but 
for a small arc they are inflected. At the inflected edge an invagi- 
nation of cells takes place, underneatli the epiblast, towards the 
segmentation cavity, and gives ri.se to the dorsal wall of the me- 
seuteron and the main part of the dorsal mesoblast. The slit below 
the invaginatod layer grmlually dilates to form the alimentary cavity ; 
the ventral wall of which is at first formed of yolk-cells. Tbo epi- 
blast along the line of the invaginatetl cells soon becomes thickened, 
and fonns a medullary plate, wdiich is not very distinct in surface 
views. The cephalic extremity of this plate, which is furthest re- 
moved from the edge, dilates, and the medullary plate then assumes 
a spatula form (fig. 50 A, 
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By the continued extension of the epiblast the uncovered part of 
the hypoblast has in the meantime become reduced to a small cir- 
cular pore — the blastopore — and in surface views of the embryo has 
the form represented m fig. 50 A, bhp. The invagination of the 
mesenteron has in the meantime extended very far forwards, and 
the segmentation cavity has become obliterated. The lip of the 
blastopore has moreover become inflected for its whole circumference. 

The invaginated cells forming the dorsal wall of the mesenteron 
soon become divided into a pigmented hypoblastic epithelium adjoin- 
ing the lumen of the mesenteron (fig. 51, en) and a mesoblastic 
layer {Sgp), between the hypoblast and the epiblast. The mesoblast 
is divided into two plates between which is placed the notochord* {Ck), 

With the completion of the medullary plate and the germinal 
layers, the first embryonic }»eriod may be considered to come to a close. 
The second period ends with the hatching of the embryo. During it 
the rudiments of the greater number of organs make their appear- 
ance. The general form of tlie embryo during this period is shewn 
in figs. 50 B and 52 A and B. 

One of the first changes to take place is the conversion of the 
medullary plate into the medullary canal. Thi.s, as shewn in fig. 51, 



Fig. 51 , Transvkkme kkctiux THiuii tm thk iXiKuiim I’Aut of 
EiiiJUYo. (After Salcnsky.) 

lif. meilullarj' f^ioove; Mp. luodullary plate ; IF/i. seffm^ntal duct ; CVi. notochord ; 
Kfi. hj'poblust; Sgp. inesobluhtic aoiuitc ; Sp, parietal part of iiici'ohlaatic plate. 

is effected in the usual vertebrate fashi(»n, by the establisliment of a 
medullary groove which is tlien converted into a cIosihI canal by the 
folding over of the sides. 

The uncovered patch of yolk in the bla.stoporir area soon becomes 
closed over; and on the fomiation of the medullary canal the usual 
neurenteric canal becomes established. 

The further changes which take place are in the main similar to 
those in other Ichthyopsida, but in some ways tin* appearance of the 
embryo is, as may be gathered from fig. 52/ rather strange. This ia 
mainly due to the fact that the embryo does not bea)me folded off 
from the yolk in the manner usual in Vertebrate.s; and as will be 
shewn in the sefpiol, the relation of the yolk to the embryo is unlike 
that in any other known Vertebrate. Tlie apparance of the embrj'o 

' Halenaky believes that the notocLord is derived from the mesoblast. I could not 
satisfy myudf on this point. 
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is something like that of an ordinary embryo slit open along the 
ventral side and then flattened out. Organs which propejrly belong 
to the ventral side appear on the lateral parts of the dors;^ surface. 



Fio. 52. Embryos of Acipenskr belonging to two stages viewed from the 
DORSAL SURFACE. (After Baleosky. ) 

Fb, fore-braiu; 3/5. mid-brain; lib, bind-brain; cp. cephalic plate; Op. optic 
vesicle; Aui\ auditory vesicle; Olp. olfactory pit; lit. heart; Md. mandibular 
arch ; Ila, hyoid arch ; iir'. first brancliial arch ; Sd. segmental duct. 


Owing to the great forward extension of tlie yolk the heart (fig. 52 B) 
appears to be placed directly in front of the head. 

Even before the formation of the medullary canal the cephalic 
portion of the nervous system becomes marked out. This part, after 
the closure of the medullary groove, becomes divided into two (fig. 
50 B), and then three lobes — the fore-, the mid-, and the hind-brain 
(fig. 52, A and B), From the lateral parts of the at first undivided 
fore-brain the optic vesicles (fig. 52 B, Op) soon sprout out; and in 
the hind-brain a dilaUition to form the fourth ventricle appears in 
the usual fasliion. 

The epiblast at the sides of the brain constitutes a more or less 
well-defined structure, which may be spoken of as a cephalic plate 
(fig. 52 A, cp). From this plate are formed the essential parts of the 
organs of .special sense. AntiTiorly the oltactory pits arise (fig. 52 B, 
Olp) as invaginations of both layers of the epiblast The lens of 
the eye is foriiKMl as an ingrowth of the nervous layer only, and 
opf)Osito the hind-bnun the auditory sack (fig. 52 A and B, Jiwy) is 
similarly formed from the nervous layer of the epiblast. At the 
sides of the cephalic |)late the visceral arches make their appearance: 
and in fig. 52 A and B there are shewn the mandibular (Md). 
hyoid (Ha) and first branchial {Br) arches, with the hyomandibular 
(spiracle) and hyobranchial clefts between them. They constitute 

e sculiar concentric circles round tlie cephalic plate; their shape 
dng due to the flattened form of the embryo, already alluded to. 
While the above structures are being fonned in the head, the 
change.s in the trunk have also been considerable. The meso- 
blastic plates at the junction of the head and trunk become very 
early segmented, the segments l)eing formed from before backwards 
(fig. 30 B). With their formation the tnink rapidly increases in 
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length. At their outer border the segmental duct (fig. 60 B, and 
fig. 52 K.pSd) is very early established. It is forijaed, as in Elasmo- 
branchs, as a solid outgrowth of the mesoblast (fig. 51, Wg ) ; but its 
anterior extremity becomes converted into a pronephros (fig. 57,jor.n). 

Before hatching, the embryo has to a small extent become folded 
otf from the yolk both anteriorly and posteriorly; and has also 
become to some extent vertically compressed. As a result of these 
changes, the general form of its body becomes much more like that 
of an ordinary Teleostean embryo. 

The general features of the larva after hatching are illustrated 
by figs. 53, 54 and 55. Fig. 53 represents a larva of about 7 mm. 
and fig. 54 a lateral and fig. 55 a ventral view of the heat! of a larva 
of about 11 mm. 

There are only a few points which call for special attention in the 
general form of the bo<ly. In the youngest larva figured the ventral 
part of the hyomandil)ular cleft is already closed: the ‘ dorsal jmrt 
of the cleft is destined to form the spiracle {sp). The arch behind 
is the hyoid: on its p).sterior border is a membranous outgrowth, 



Fn*. 53. Laiiva of Acipkxskb of 7 mm., shoutly aftkb hatching, 
ol. ollactor^' pit ; ojk ojitic >esicle ; up. Hpiracle; hr c. branchial cleftH; an, onus. 


which will develop into the operculum. In older larva}, a very 
rudimentary gill appears to be developed on the front walls of the 
spiracular cleft (Parker), but I have not succeeded in satisfying myself 
about its presence; and rows of gill pitpilLe appear on the hyoid 
and the true branchial arches (figs. 54 and 55, g). The biserially- 
arranged gill papillae of the true branchial arche.s are of considerable 
length, and are not at first covered by the operculum ; but they do 
not fonn elongated thread-like external gill.s similar to those of the 
Elasinobranchii. 

The oral cavity is placed on the ventral side of the head, it has 
at first a more or less rhomboidal form. It soon however (fig. 55) 
becomes narrowed to a slit with projecting lip.s, and eventually 
becomes converted into the suctorial mouth of the adult. The most 
remarkable feature connected with the mouth is the development of 
provisional teeth (fig. 55) on both jaws. 

These teeth were first discovered by Knock (No. 88). Tlicy do not appear 
to be calcified, and might be supposed to be of the same natur<) as the homy 
teeth of the Lampn^y. They are however develojH'd like true teeth, as a 
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deposit between a papilla of subepidermic tissue and an epidermic cap. 
Tlie substance of which they are formed corresponds morphologically to 
the enamel of ordinary teetL As they grow they pierce the epidermis, 
and form hollow spinedike structures with a central axis filled with sub- 
epidertnic (mesoblastic) cells. They disappear after the third month of 
larval life. 

In front of the mouth two pairs of papillae grow out, which ap- 
pear to be of the same nature as the papillse on the suctorial disc 
in the embryo of Lepidosteus (inde p. 95). They are very short in 
the embryo represented in fig. *53; soon however they grow in length 
(figs. 54 and 55, si ) ; and it 
is probable that they become 

the barbels, since these oc- v 

cupy a precisely similar po- ^ 

The openings of the na- g 

sal pits are at first single ; 

but the opening of each be- * * *“ * 

comesgra<lually divided into ^ 

two by the growth of a flap 

on the outer side (fig. 54, ol), ^ Acipenseb 

18 probable that this flap pj^. ,„etorial(?) pro- 

IS (‘(pnvalent to tlie told of cesgeg; m, mouth; spiracle; //. gills, 
the 8ni)erior maxillary pro- 
cess of the Amniota, wliich by its growth roofs over the open 
groove which originally leads from the external to the internal nares; 
so that the two o]x*uing8 of 
each nasal sack, so esUvb- 
lished in these and in other _ 

fi.shes, correspond to the ex- 

ternal an<l internal uarcs of \ ^ 

higher Vertebrata. / 

At the time of hatching v 

there is a continuous dorso- 
ventral fin, which, by atrophy 

in some parts, and hyper- • ^ 

trophy lu other parts, gives ^ miluhetrf.«. 

rise U. all tlie impaired hns ^ suctorial (?) processes ; ... 

of the adult, except the first gUis. 

dorsal and the alxlominal. 

The caudal part of the fin is at first symmetrical, and the hetero- 
eercal tail is produced by the special growth of the ventral part of 
the fin. 

Of the internal features of development in the Sturgeon the most 
im()ortant concem the relation of the yolk to the alimentary track In 

* If theRC identifioaiiotiR are correct the barbeln of fighes must ho phylogenetioally 
(lerive<l from the papillic of a suctorial disc adjoining the mouth. 


Fio. 55. ■Ventral view of a larva of Aci 
PKNSER OF 11 MILLIMETRES. 

w, mouth ; sf. suctorial (?) processes; , 

g, gills. 
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moat Yertebrata the yolk-cells form a protuberance of the part of the 



FlO. 56. DIA011.VMMATIC LONGITUDINAL BKCTION THROtTUlI THK ANTETlIOll PAllT OF 
THE TRUNK OP A I^RV\ OF AciPENSEtt TO SHEW THE POSITION OUCUPIED DY THE YOLK. 

in, intestine; «/. stomach tilled with ."lolk; (pa. oesophagus; /. liver; ht. heart; 
ch, notochord; itp.c. spinal cord. 





Fig. 57. Trashvebbb section THBOfon 

THE REGION OF THE BTORACB OF A LARVA OF 
AcIPEKBKR 5 MX. IN LEKOTll. 

0t, epitbelinm of stomach ; pA:. yolk ; ch. 
nc^oebord, below which is a subnotocburdal 

fwaw; aa/aauvM wi mx|u;i; t miv |»iu»b axi 

wbkh are ditifereiitiatei] into eontraciile tibres ; 
0p.c. spinal cord; be. body cavity. 


alimentary canal, immediately 
Udiind the duodenum. Tlieyolk 
may either, as in the lamprey 
or frof?, fonn a simple thicken- 
ing; of the alimentary wall in this 
region, or it may constitute a 
well-developed yolk- sack as in 
KliLHinohranehii and the Ainiii 
Ota. In either case the liver is 
placed in front of the yolk. In 
the Sturgeon on the contrary tlie 
y(»lk is placf*tl almost entirely in 
front of the liver, and the Stur- 
geon up) Krai'S to Ikj also ]K*euliar 
in that the yolk, instead of con- 
stituting an apjieiidage of the ali- 
mentary tnict, is completely en- 
clo.s(rd ill a dilatitd jKirtion of the 
tnict w hich becomes the stomach 
(tigs. 56 and 57). It dilaU*s this 
portion to such extent that it 
might lie supiKised to form a 
true external yolk-sack. In the 
stages iKifore liatchiiig the glan 
(lular liy}K>blast, which was m 
tablished on the dorsal side of 
the primitive mesenteron^ en- 
velops the yolk-cell^ which 

lose all trace of tludr original 
cellular structure. 
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The peculiar flattening out of the embryo over the yolk (vide pp. 86 
and 87) ia no doubt connected with the mode in which the yolk b^omea 
enveloi>ed by the hypoblast. 

As the posterior part of the trunk, containing the intestine, becomes 
formed, the yolk is gradually conflned to the anterior part of the alimentary 
tract, which, as before stated, becomes the stomach. The epithelial cells 
of the stomach, as well as those of the intestine, are enormously dilated 
with food yolk (fig. 57, at). Behind the stomach is formed the liver. 
The subintestinal vein bringing back the blood to the liver appears to 
have the same course as in Teleostei, in that the blood, after passing 
through the liver, is distributed to the walls of the stomach and is again 
collected into a venous trunk which falls into the sinus venosus. As the 
yolk becomes absorbed, the liver grows forwards underneath the stomach 
till it comes in close contact with the heart The relative position of 
the parts at this stage is shewn diagmmmatically in fig. 56. At the com- 
mencement of the intestine there arises in the larva of about 14 mm. a 
gi’eat number of diverticula, which are destined to form the compact 
glandular organ, which opens at this 8|X)t in the adult At this stage 
tlun*c is also a fairly well develo|>ed pancreas opening into the duodenum 
at the same level as the liver. 

No trace of the air-bladder was present at the stage in question. 

The spinil valve is formed, as in Elaamobranchii, as a simple fold in th<‘ 
wall of the intestine. 

There is a well-developed subnotochordal rod (fig. 57), which, according 
to H^ilensky, Iw'comes tin* Hubvert<‘brjil ligament of the adult ; a statement 
which confirms an earlier suggestion <»f Bridge. The pronephros (head- 
kidney) I’est'iubles in the nmin that of Teleo.stei (fig. 57) ; w’hile the front 
end <if the me.Honephros, which is developed cou'^iderably later than the 
pnmephros, is placed some way In^hiiid it. In my olde.st larva (14 mm.) 
the mesonephros did not extend backw'ards into the posterior part of the 
nlKlomiiiul cavity. 
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Lepidosteus'. 

The ova of Lcpidofitcus are spherical bodies of about 3 rain, in 

* Alexander Agaaaiz was fortunate enough to aucecH^d in procuring and rearing 
a batch of eggs of this interesting form. He haa gi\en an adeiiuate account of the 
external characters of the poat-embryonto stages, and verylilicrally jilaced his preserved 
material of the stages Inith before and after hatriiing at Prof. W. K. Parker's and my 
disposal. Tlie account of the stages prior to hatching is the result of investigations 
carried on by Professor Parker's son, Mr W', N. Parker, and myself on the material 
supplied to us by Agassiz. This material was not very satisfacbirily preserved, but I 
trust that our n^sults an* not without some inWrest. 
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diameter. They are invested by a tough double membrane, composed 
of ^1) an outer layer of somewhat pyriform bodies, radiately arranged, 
which appear to be the remains of the follicular cells ; and (2) of an 
inner zona radiata, the outer part of which is radiately striated, 
while the inner part is homogeneous. 

The segmentation, as in the Sturgeon, is complete, but approaches 
closely the meroblastic type. It commences with a vertical furrow at 
the animal pole, extending through about one-fifth of the circum- 
ference. Before this furrow has proceeded further a second fuiTow is 
formed at right angles to it. The next stages have not been observed, 
but on the third day after impregnation (fig. 58), the animal pole 
is completely divided into small segments, which form a disc similar 
to the blastoderm of meroblastic ova; while the vegetative pole, 
which subsequently forms a large yolk-sack, is divided by a few 

vertical furrows, four of which 



nearly meet at the pole opposite 
the blastoderm. The majority of 
the vertical furrows extend only 
a short w'ay from the edge of 
the small spheres, and are par- 
tially intercepted by imperfect 
equatorial furrows. 

The stage.s immediately fol- 
lowing the segmentation are still 
unknowm, and in the next sUige 
satisfai'torily observed, on the 
fifth day after impregnation, the 
body of the embryo is distinctly 
differentiated. The lower pole 
of the ovum is then fonned of 
a mass in which no traces of 


MOVEP ON THE THIRD DAT AETER IMPHEO- 
NATION, 


segments or segmentation furrows 
can be detected. 


The embryo (fig. 59) has a dumbbell-shapt'd outline, and is com- 
posed of (1) an outer area, with some re.semblance to the area pellu- 
cida of an avian embryo, forming the lateral part of the body ; and 
(2) a central portion consisting of the verti'bral plates and medullary 
plate. The medullary plate is dilated in front to form the brain (6r). 
Two lateral sw*ellings in the brain are the commencing optic vesicles. 
The caudal extremity of the embryo is somewhat swollen. 

Sections of this stage (fig. 60) are interesting as shewing a re- 
markable resemblance tetween Lepidosteus and Tticostei. 

The three layers are fully establi.shed. The epiblast (ep) is fonned 
of a thicker inner nervous stratum, and an outer flattened epidermic 
stratum. Along the axial line there is a solid keel-like thickening of 
the nervous layer of the epidennts, which projects towanls the hypo- 
blast* This thickening {MC) is the medullaiy cord ; and there is no 
evidence of the epidermic layer being at this or any subsequent period 
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concerned in its formation {vide d 
region of the brain the medullary 
cord is so thick that it gives rise, 
as in Teleostei, to a projection of 
the whole body of the embryo 
towards the yolk. Posteriorly it 
is flatter. The mesoblast {Me) in 
the trunk has the form of two 
plates, which thin out laterally. 
The hypoblast (Jiy) is a single 
layer of cells, and is nowhere 
folded in to form a closed ali- 
mentary canal. The hypoblast 
is separated from the neural cord 
by the notochord {Ch)y which 
throughout the greater part of 
the embryo is a distinct struc- 
ture. 

In the region of the tail, the 
axial part of the hypoblast, the 
notochord, and the neural cord 
fuse together, the fused part so 
formed is the homologue of the 
neurenteric canal of other types, 
embryo the raesoblastic plates cef 
structures between them. 


>r on Teleostei, p. 58). In the 





Fio. 69. Surface view of a Lepioos- 

TEU8 EMBRYO ON THE FIFTH PAY AFTER 
IMPREONATION. 


hr, dilated extremity of medullary plate 
which forms the rudiment of the brain. 

Quite at the hinder end of the 
se to be separable from the axial 



Fio. 60. Section through an embryo or Lepidohteus on the fifth day 
AFTER impregnation. 

MC, medullary cord ; Ep. epiblast; il/r. mesoblast; hy, hypoblast; C/i. notoohord. 

* 

In a somewhat later stage the embryo is considerably more elon- 
gated, embracing half the circumference of the ovum. The brain is 
divided into three distinct vesicles. 

Anteriorly the neural cord has now become separated from the 
epidermia The whole of the thickened nervous layer of the epiblast 
appears to remain united with the cerehro-spinal cord, so that the 
latter organ is covered dorsally hy the epidermic layer of the epiblast 
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only. The nervous layer soon however grows in again from the two 
sides. 

Where the neural cord is separated from the epidermis, it is 
already provided with a well-developed lumen. Posteriorly it re- 
mains in its earlier condition. 

In the region of the hind-brain traces of the auditory vesicles 

are present in the form of 
slightly involuted thicken- 
ings of the nervous layer 
of the epidermis. 

The mesoblast of the 
trunk is divided anteriorly 
into splanchnic and somatic 
layers. 

In the next stage, on 
the sixth day after impreg- 
nation (fig. (>1), there is a 
great advance in develop- 
ment. The embryo is con- 
siderably longer, and a great 
number of mesoblastic sti- 
mites are visible. The 
body is now laterally com- 
pressed and raised from the 
yolk. 

The region of the hea<l 
is more distinct, and late- 
(6r.c), which, by comparison with the 
visceral clefts': they are 
not yet perforated. In the 
lateral regif»ns of the trunk 
the two segmental ducts are 
vi.sil)le in surface views (fig. 
fil, $d) occupying the same 
situation a.s in the Sturgeon. 
Their position in section is 
shewn in fig. fi2, sg. 

With refer<jnce to the fea- 
tures in development, visible in 
sections, a few points may be 
alluded to. 

The optic vesicles are very 
prominent outgrowths of the 
l)rain, but are still solid, though 
the anterior cerebral vesicle 
a well-developed lumen. The 


Fiu. 61. Embryo of LF.Pieo.HTr.r8 os thk 

SIXTH PAY AFTER IMFRF.OXmON. 

op. optic vcsicleB; hr.c. branchial clefts (♦); 
segmental duct. 

N.B. The branchial clefts and segmental duct 
are somewhat too prominent. 

rally two streaks are visible 
Sturgeon, w’oiild seem to be the two first 



Fio. 62, Section thbocoh the tbcnk of 
LEF n> 08 TBtra eubbyo on the sixth pay 

TEB IIOHIEONATION. 

me. medullary cord; me. mesoblast; $g. 
segmental duct; e/t. notochord; jr. sub-noto- 
‘ hy. hypoblast. 


I have as yet been unable to make out these structures in section. 
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auditory vesicleg are now deep pits of the nervous layer of the ejublast, 
the openings of which are covered 
by the epidermic layer. They 
are shewn for a ’slightly later 
stage in fig. 63 {au,v). 

There is now present a sub- 
notochordal rod, which develops 
as in other types from a thick- 
ening of the hypoblast (6g. 62, x). 

In an embryo of the seventh 
day after impregnation, the 
features of the preceding stage 

become generally more pro- Fia. 63. Section throcoh the head of 
nounced. ^ Lkpidosteub ehrryo on the sixth day 

AFTER IMPREGNATION. 



The optic vesicles are now auditory vesicle; aii.n. auditory 

provided with a lumen (fig. 64), ner^e; eh. notochord ; ky. hypoblast, 
and have approached close to the 

epidermis. Adjoining them a thickening (/) of tfie nervous layer of the 
epidermis has a[)]>earcd, which will form the lens. The cephalic extremity 
of the segmental duct, which, as shewn in fig. 61, is bent inwards towards 
the middle line, has now become slightly convoluted, and forms the rudi- 
ment of a pronephros (head-kidney). 


During the next few days the folding off of the embryo from the 
yolk commences, and proceeds till the embryo acquires the form 
represented in fig. Go. 

Both the head and tail are 
quite free from the yolk ; and 
the embryo presents a general 
resemblance to that of a Tele- 
ostean. 

On the ventral surface of 
the front of the heail there is 
a disc (figs. Go, GG, ad), which 
is beset with a number of 
processes, formed as thicken- 
ings of the epiblast As shewn 
by Agassiz, these eventually 
become short suctorial pa- 
pilh3e\ Immediately behind 
this disc is placed a narrow 
depression which forms the Fio. Cyi. Section THRoron THE FRONT 
rudiment of the mouth. of the head of a Lepidobteus embbto 

the seventh day after impregnation. 

The olfactory pite are now ,Hn.entar.y tract; A ftalamenceph.- 

developed, and are placed near ^ optic vesicle. The 

the front of the hoiul. mesoblast i« not ^presented. 



* These papillie arc very probably sensitive structures ; but I have not yet investi- 
their histological r' * — 
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A great advance has taken place in the development of the vis- 
ceral clefts and arches. The oral region is bounded behind by a well- 
marked mandibular arch, which is separated by a shallow depression 
from a still more prominent hyoid arch (fig. 65, hy). Between the 
hyoid and mandibular arches a double lamella of hypoblast, which 
represents the hyomandibular cleft, is continued from the throat to 
the external skin, but does not, at this stage at any rate, contain a 
lumen. 


The hyoid arch is prolonged backwards into a considerable oper- 
cular fold, which to a great extent overshadows the branchial clefts 
behind. The hyobranchial cleft is widely open. 

Behind the hyobranchial cleft are four pouches of the throat on 

each side, not yet open 

O to the exterior. They are 

branchial clefts of the 

The trunk has the 
usual compressed piscine 
form, and there is a well- 
developed dorsiil fin con- 
tinuous round the end of 
the tail, with a ventral 
fin. There is no trace of 
the paired fins. 

The anterior and pos- 

Fio. 65. Embryo ok Lepidobtecb shortly rkkork terior portions of the ali- 
iiATCHiifo. mentary tract are closed 

o/. olfactory pit ; $d. suctorial disc ; hy, hyoid the middle region 

* is still open to the yolk. 

The circulation is now fully established, and the vessels present the 
usual vertebrate arrangement. There is a large subintestinal vein. 

The first of Agassiz* embiyos was hatched about ten days after 
impregnation. The young fish on liatching immediately used its 
suctorial disc to attach itself to the sides of the vessel in which it 


Fig. 65. Embryo ok Lepioobtecs shortly rkkork 

IIATCHIRG. 

oL olfactory pit; td, suctorial disc; hy, hyoid 
arch. 


was placed. 

The geoeral form of Lepidosteus shortly after batching is shewn 
in hg. 67. On the ventral [lart of the front of the head is placed 
the huge suctorial disc. At the side of the head are seen the 
olfactory pit, the eye and the auditory vesicle ; while the projecting 
vesicle of the mid-bnun is very prominent above. Behind the 
mouth follow the visceral arches. The mandibular arch (nuQ is 
placed on the hinder border of the mouth, and is separated by a 
de^ groove from the hyoid arch (Ay). This groove is connected with 
the hyomandibnlar clei^ but I have not determined whether it is 
now pmorated. The posterior border of the hyoid arch is prolonged 
into an opercular fold. Behind the hyoid arch are seen the true 
branchial arches. 
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There is still a coutiauous dorso-ventral fin, in which there are 
as yet no fin-rays, and the anterior paired fins are present. 

The yolk-sack is very 
large, bat its communication 
with the alimentary canal is 
confined to a narrow vitelline 
duct, which opens into the 
commencement of the intes- 
tine immediately behind the 
duet of the liver, which is 
now a compact gland. The 
yolk in Lepidosteus thus be- 
haves very ditfereiitly from 
that in the Sturgeon. In the 
first place it forms a sfiecial 
external yolk-sack, instead of 
an internal dilatation of part 
of the alimentary tract ; and 
in the second place it is placed 
behind instead of in front of 
the liver. 

I failed to find any trace of a pancreas. There is however, 
on the (hrsal side of the throat, a well-developed appendage 





Fi«. ti7. Laiiva ok riiohti.y aftkr hatchixo. (Aftor Parker. ) 

7. olfac»torv |»it; op. c»ptu» vr.»<irle; au t. nmUturv vesicle ; »ih. iiiia-hrain ; si\r- 
torial diac; m</. tnandibuliir arch; hy. h\uid arch \kith o).>erculum ; br. branchial 
an. anuH. 

continued backwards beyoml the level of the commencement of the 
intestine. This apixmdage is no doubt the air-bladder. 

In the course of the further growth of the young Lepidosteus, 
the yolk-sack is rapidly absorbed, and has all but disappeared after 
three weeks, A rich development of pigment early takes place ; and 
the nigrnent is specially deposited on the parts of the embryonic fin 
which will develop into the jxrnianent fins. 

The notochord in the tail Ixmds slightly upwanls, and by the special 
<IeveIopment of a caudal lobe an externally heterocercal tail like that 
of Aciixsnser is estahlisluHl. The ventral' paired fins are first visible 

B K. 11 . 7 



op 

FlCi. CS. VhXTIlAL VIEW OF THE HEAD OF A 
LKFIDOHTErH SHORTLY DEFOttK HATCHINO, 

TO SHEW THE Kl’CroRlAl. DISC. 

m. luouth ; op. eye ; sd. suctorial disc. 
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after about the end of the third week, and by this time the OTOrculum 
has^own considerably, and the gills have become well devdoped. 

The most remarkable changes in the^ later periods are those of the 
mouth. 

The upper and lower jaws become gradually prolonged, till they 
eventually form a snout ; while at the end of the upi3er jaw is placed 
the suctorial disc, which is now considerably reduced in size (fig. 68, srf). 
The "fleshy globular termination of the upper jaw of the adult 
Lepidosteus is the remnant of this embryonic sucking disc.” (Agassiz, 
No. 92.) 

The fin-rays become formed as in Teleostci, and parts of the con- 
tinuous embryonic fin gradu- 
ally undergo atrophy. Tlie 
dorsal limb of the embryonic 
tail, as has l>een shewn by 
WiMer, is absorbed in pre- 
cisely the same manner as in 
Teleostci, leaving the ventral 

oh openings of the olfactorj' pit; *</. ro- to form the whole of the 

nmins of the laical suctorial disc. permanent tail-fin. 

Bibliooraphy. 

(p 2 ) Al. Agassiz. **The development of LepidoKteuH." Amer. Acad. 0 / 

ArU and Sriences, Vol. xiii. 1H7S. 

General observations on the Enihryolorfy of the Ganoids. 

The very heterogeneous cluiracter of the Ganoid group is clearly 
shewn both in its embryology and its auatoiuy. The two known tyj>e« of 
formation of the central nervous system nrv exem[»liti<Hl in the two sj^ecies 
wbich have been studied, and these two species, though in accord in having 
a holoblastic segmentation, yet difler in other impfU'tant features of 
development, such as the jwsition of the yolk etc. Both types exhibit 
Teleostean affinities in the character of the pmnephros ; hut as might have 
Wm anticipated Lepidosteus pre.sents in the origin of the nervous system, 
the relations of the hy|>obIast, and oilier chai*acterH, closer approximations to 
the Teleostei than does Acijienser. There art* no very prominent Amphibian 
ebaraeters in the development of either tyj>e, other than a general similarity 
in the segmentation and formation of the htyera In the young of 
Polypieius an interesting amphibian and dipnoid character is foiind in the 
presence of a |>air of true external gills covered by epibiast. These gills 
are attached at the hinder end of the 0|)ercuIuin, and receive their blood 
from the hyoid arterial arch*. In the peculiar suctorial disc of Lepi- 
dosteus, and in the more or less siniiiar structun^ in the Bturgeoii, 
these fishes retain, I believe, a very primitive vert«dinite organ, which 
has disap{ieared in the adult state of almost all the Veriobrata ; but it 
is probable that fuHher investigations will shew tiiat the Teleostei, and 
especiaily the Biliiroids, are not without traces of a similar structure. 

* Vide Btdndachner, PolfmUrm iMptadei, dfc.. and fivrtl, d. Bluigefasse. 

Hilt, m^n^r AUd., Vol. i.x 




CHAPTER VIL 

AMPHIBIA*. 


Thk eg<jsof most Ampiiibia* are laid in water. They are smallish 
nearly spherical bodies, and in the majority of known Aniira (all the 
Kuropciin species), and in many Urodela (Amblystoma, Axolotl, 
though not in the common Newt) part of the surface is dark or 
black, owing to tlie presence of a superficial layer of pigment, while 
the remainder is uii| igmentc d. The pigmented part is at the upper 
pole of the egg, and contains th(‘ germinal v(j>icle till the time of its 
atrophy; and the v<»lk“granules in it are smaller than those in the un- 
pigrnented part.. The ovum is closely surrounded by a vitelline mem- 
brane*, and receives, in its pas.sage down the oviduct, a gelatinous 
investment of varying stuietiire. 

Ill the Anura the eggs are fertilized as they leave the oviduct. 
In some of the Urodela the im)de of fertilization is still imperfectly 
understood. In Salamanders and probably Newts it is internal*; 


* Tho claHsifiCHiion of tho Amphibia ip employee! in the present chapter: 


1. Anura. 


t Aoi.okh\. 

iPllANKIUHlLOKHK. 


H. Urodela. 


rPFKrvMiBHis-. HiAT* 'Tmclivsloinata. 

j 1 HIAT, , 

^ CAorcinnANCHiATA 

I^MvexonKRA 


U'Vmphiiiinitlie. 
iMenopomidie. 
\AmhlyHiomi«la\ 

( Salamaiiilrithv. 


HI. Qymnophiona. 

’ I am utuler great ohligiition» to Mr Parker for having kiiiiUy supplied me, in 
answer to my questions, with a large amount of valuable information on the develop- 
ment of the Amphibia. 

• Within the vitelline membrane there appears to bo present, in the Annra at any 
rate, a very ddicato membrane closely applied to the yolk. 

* Allen Thomson informs me that he has watched the process of fertilization in 
the Newt, and that the male deposits the semen in the water close to the female. 
From the water it seems to enter tho female generative aperture. Von Siebold has 
shewn that thero is presciil in female Newts and Salamanders a spennatio bmrsa. In 
this bursa tho spemiakizcMi long (three months) retain their vitality in some Sala* 
manders. Various peenliariiies in the gestation are to be explatned by this fact. 


i — :: 
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FORMATION OF THE LAYERS. 


but iu Amblystoma puuelatum (Clark, No. 98 ), the male deposits the 
semeu in the water. The eggs are laid by the Anura in masses or 
strings. By Newts they are deposited singly in the angle of a bent 
blade of grass or leaf of a water-plant, and by Amblystoma pimcta- 
tum in masses containing from four eggs to two hundred. Salaman- 
dra atra and Salamandra maculosa are viviparous. The period of 
gestation for the latter species lasts a whole year. 

A good many exceptions to the above general statements have been 
recorded *. 

In Notodelphis ovipara the eggs are tmnsported (by the male]) into a 
|)eculiar dorsal pouch of the skin of the female, which has an anterior 
opening, but is continued backwards into a pair of diverticula. The eggs 
ai*e very large, and iu this pouch, which they enormously distend, they 
undergo their development. A more or less similar pouch is found iu 
Nototrema maraupiatum. 

In the Surinam toad (Pi pa dorsigera) the eggs are placed by the? male 
on the back of * the female, A peculiar pocket of skin becomes de- 
veloped round each egg, tlie o|)en end of which is covered by a gelatinous 
oj>ei*culum. The larvje are hatched, and actually undergo their metamor- 
phosis, iu these |)Ockets. The female during this period lives in water. Pi|>a 
Americana (if specifically distinct from P. dorsigera) presents nearly the 
same peculiarities. The female of a tree frog of Ceylon (PolyjHjdates 
leticulatus) cames the eggs attached to the abdomen. 

Bhinoderma Darwinii^ behaves like some of the Siluroid fishes, in that 
the male carries the eggs during their development in an enormously 
d€velo[jed laryngeal pouch. 

Borne Anura do not lay their eggs in water. Chiromantis Guineensis 
attaches them to the leaves of trees ; and Cystignathus mystacius lays 
them in holes near pond.s, which may become filled with water after heavy 
rains. 

The eggs of Hylodes MartiniceiisLs aiv lairi under d<?ad leaves in moist 
situations. 


Fonmtion of the layers, 

Anura. The formation of the germinal layers has so far only 
been studied in some Anura and in the Newt. The following descrip- 
tion applies to the Anura, and I have called attention, at the end of 
the section, to the points in whicli the Newt is peculiar. 

The segmeuiatiou of the Frog’s ovum has already been (le.scril>ed 
(Vol. I. p. 78), but 1 may remind the remler that the seginenUition 
(fig. 69) results in the formation of a vesicle, the cavity cd wliich is 
situated excentrically ; the roof of the cavity being niuch thinner 
than the floor. The cavity is the segmentation cavity. The roof 
is formed of two or three layera of 8 rnalli.sh pigmented cells, and 

* For a summary of these end the literature of the subject ride ** Amphibia,** by 
C. K. Hoffmann, in Broun's Clmeen und Ordnuuffen d, Thier-reiche. 

* Vide Bpongel, “Die Fortpflanzung dee Khinddertna Darwinii.** ZeiUf, wm, ZooL, 
Bd. XXIX., 1877. This paper contains a translation of a note by Jiminex de la Espada 
on the (ievelopmeut of the specials. 
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the floor of large cells, which form the greater part of the ovum. 
1 2 ■* 8 



Fio. 69. SEfiMKNTXTioN OF Common Froo. Rana Tempoearia. (After Ecker, ) 
The uumbcrs above the tigurcB refer to the number of segments at the stage figured. 


TIh ‘se large cells, which arc part of the primitive hypoblast, will be 
8]K)ken of in the sequel as yolk-cells: they are equivalent to the 
food -yolk of the majority of vertebrate ova. 

The cells forming the roof of the cavity pass without any sharp 
boundary into the yolk-celLs, there being at the junction of the two 
a number of cells of an intermediate character. The cells both of the 
roof and the floor continue to in- 


crease in number, and those of rp 
the roof become divided into two 
distinct strata (fig. 70, ep). 

The upper of these is f(»rined 
of a single row of somewhat cubical / 
cells, and the lower of .several rows f 
of more rounded cells. Both of 
these .strata eventually become the 
epiblast, of which they form the 
ifpidermic and nervous layers. The 
roof of the segmentation cavity 
appears therefore to be entirely x 

constituted of epiblast. 

The next changes which take 70. Section throi-oh Froc* 

1 1 r OVCM AT THE CI.O.SE OP hEOMKNTATION. 

phloe lead (1) to the formation ivotte.) 

of the mesentcron , and (2) to the «f;. neginentation ca\*ity; n. large yolk- 
enclosure of the yoIk-Cclls by the containing colls; small cells at forma- 
enibhifit " tivo j»olc (epiblast ) ; x. ix)uit of inflection 

‘ mi - 1 . 1 • of cpihlost ; V. small cells close to junction 

1 he mesenteron is tormed as m t epibiist and yolk. 

Petromyzon and Lopidosteus by 

an unsymmetrical form of invagination. The invagination first com- 
mences by an inflection of the cpiblast-cells for a small arc on the 


^ Since the body-cavity is not devplo|>od as diverticula from the cavity of invagina- 
tion, the latter cavity may conveniently be called the mesenteron and not the arclieu- 
ter on. 
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equatorial line which marks the junction between the epiblastic cells 
and the yolk-cells (fig. 70, a?). 

The inflected cells become continuous with the adjoining cells ; 
and the region where the inflection is formed constitutes a kind of 
lip, below which a slit-like cavity is soon established. This lip is 
equivalent to the embryonic rim of the Elasmobranch blastoderm, and 
the cavity beneath it is the rudiment of the mesenteron. 

The mesenteron now rapidly extends by the invagination of the 
cells on its dorsal side. These cells grow inwards towards the segmen- 
tation cavity as a layer of cells several rows deen. At its inner end, 
this layer is continuous with the yolk-cells^; and is divided into two 
strata (fig. 71 A), viz. (Ij a stratum of several rows of cells adjoining 
the epiblast, which becomes the mesoblast (///), and (2) a stratum of a 
single row of more columnar cells lining the cavity of the mesenteron, 
which forms the hypoblast (Ay). The growth inwards of the dorsal 
wall of the mesenteron is no doubt in part a true invagination, but 
it seems probable that it is also due in a large measure to an actual 
differentiation of yolk-cells along the line of growth. The mesentenui 
is at first a simple .slit between the yolk and the hypoblast (fig. 71 A), 
but a.s the involution of the liyj)(d)last and me.soblast extends further 
inwards, this slit enlarges, especially at its inner end, into a con- 
siderable cavity ; tlie blind end of which is separatcnl by a narrow 
layer of yolk-cells from the segmentation-cavity (fig. 71 B). 

In the com*se of the involution, the s(‘gmentation-<*avity becomes 
gradually pushed to one side ami finally obliterated. Before oblitera- 
tion, it appears in some forms (Pelobate.s fuscus) U\ become completely 
enclosed in the yolk-cell.s. 

While the invagination to form the ine.senteron takes place as 
above described, the enclosure of the yolk has been rajiidly proceed- 
ing. It is effected by the epiblast growing over the yolk at all points 
of its circumference. The nature of tlie growth is however very 
different at the embryonic rim and elsewhere. At the embryonic rim 
it takes place by the simple growth of the rim. so that the point in 
figs. 70 and 71 is carried further and further over the surface of the 
yolk. Elsewhere the epiblast at first extends over the yolk as in a 
typical epibolic gastmla, without being infloct(*d to form a definite 
lip. While a considerable patch of yolk is still left uncovered, the 
whole of the edge of the epiblast becomes liowever inflected, as at 
the embryonic rim (fig. 71 A); and a circular blastopore is established, 
round the whole edge of which the epiblast and intermediate cells 
are continuous. 

From the. ventral lip of the blastopore the mesoblast ffig. 71, w'), 
derived from the small intermediate cells, grows iinvards till it comes 
to the segmentation-cavity ; the growth being not so much due to an 
actual invagination of cells at the lip of the blastopore, as to a 
differentiation of yolk-cells in situ. Shortly after the stage repre- 
sented in fig. 71 B, the plug of yolk, which fills up the opening of 
the blastopore, disappears, and the mesenteron communicates freely 
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with the exterior by a small circular blastopore (fig. 73). The position 

A. B. 



Fio. 71. Diaoram:^utic longitudinal sections through the embryo of a Frog 

AT TWO BTAOB8, TO SHEW THE FORMATION OF THE GERMINAL LAYERS. (Modified from Gotte.) 

ej). epiblast; wi. dorsal mei-oblast ; #«'. ventral mesoblast ; 7ii/. hypoblast ; yik. yolk; 
ac. point of junction of the epiblast and hypoblast at the dorsal side of the blastopore; 
aL mesenterou; $g, segmentation cavity. 

of the blastopore is the same as in other types, viz. at the hinder 
end of* the embryo. 

By this stage the three layers of the embryo are definitely esta- 
blished. The epiblast, consisting from the first of two strata, arises 
from the small cells forming the roof of the segmentation-cavity. It 
becomes continuous at the lij) of* the bhistopore with cells inter- 
mediate ill size between the cells of which it is formed and the yolk- 
cells, These latter, increasing in number by additions from the yolk- 
cells, give rise to the inesobla.st and to part of the hypoblast; while to 
the latter layer the yolk-cells, as mentioned above, must also be 
considered a,s appertaining. Tlieir history will be dealt with in treat- 
ing of the general fate of the hyjxiblast. 

Urodelftt Tlie eai*Iy stages of the development of the Newt have been 
adequately investigated by Scott and Osboi'ii (No. 114). The segmentation 
and formation of the layei-s is in the iimin the same as in the Frog. The 
ovum is without black pigment There is a tyjiical unsymmetrical in- 
vagination, but the dorsid lij) of tlie bla.stopore is somewhat thickened. 
The most striking feature in which the Newt difiers from the Frog is the 
fact that the epibUtitt u at Jirst constituted of a sintjh laper of cells (fig. 
75, €p). The roof of the segmentation cavity is constituted, during the 
later stages of the segmentation, of several rows of cells (Bambeke, 
95 )» hut subsequently it would appear to be formed of a single i-ow 
of cells only (Scott and Osborn, No. 1 14). 

General history of the layers, 

Epiblftst: Anim* At the completion of the invagination the 
epiblast forms a continuous layer enclosing the whole ovum, and con- 




104 


EPJBLAST. 


Ktituted throughout of two strata. The formation of the medullary 
canal commences by the nervous layer along the axial dorsal line 
becoming thickened, and giving rise to a somewhat pyriform medul- 
lary plate, the sides of which form the projecting medullary folds 
(fig. 77 A). The medullary plate is thickened at the two sides, and is 
grooved in the median line bv a delicate furrow (fig. 72, r). The 
dilated extremity of the medullary plate, situated at the end of the 
embryo opposite the blastopore, is the cerebral part of the plate, and 
the remainder the spinal. The medullary folds bend upwards, and 
finally meet above, enclosing a central cerehro-spinal canal (fig. 74). 
The point at w^hich they first meet is nearly at the junction of the 
brain and spinal cord, and from this point their junction extends 
backwards and forwards ; but the whole process is so rapid that the 
closure of the medullarv canal for its whole length is effc^cted nearly 
simultaneously. In front the medullary canal ends blindly, but behind 
it opens freely into the still persisting blastopore, with the lips of 
which the medullary folds become, as in other types, continuous. 
Fig. 73 represents a lono-itiidinal sectifui through an embryo, shortly 



Fio. 72. Tran8vkii 8K sKcrios throvoii thk rohTKiiiou c.-j‘Ualic ri;oi«>x or 

AX FARLY EMHRYO OF BoMRINATOR. (After 

i. medullary groove ; r. axial furrow in tie* medullary groove; /i. nervous layer of 
epidermis; ar. outer portion of vertebral plat •; m. inner portion of vertebral plate; 
if, lateral plate of raesobiast ; notochord; e. hypoblast. 

after the closure of the medullary canal (nc); the opening of which 
into the blastopore (a:) is clearly .seen. 

On the closure of the medullary canal, its walls become separated 
firom the external epiblrtst, which extends above it as a continuous 
layer. In the formation of the central nervous system both strata of 
the epihlast have a share, though the main ma.'^s is derived from the 
nervous layer. After the central nervous tube has become separated 
from the external skin, the two layers forming it fuse U>getlujr ; but 
there can be but little doubt that at a later period the ejudermic 
layer separates itself again as the central epithelium of the nervous 
system. 

Both the nervous and epidennic strata have a share in forming the 
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general epiblasfc; and though eventually they partially fuse together 
yet the horny layer of the adult 
epidermis, where such can be 
distiriguished, is probably de- 
rived from the epidermic layer 
of the embryo, and the mucous 
layer of the epidermis from the 
embryonic nervous layer. 

In the formation of the or- 
gans of sense the neiwous layer 
shews itself throughout as the 
active layer. The lens of the 
eye and the auditory sack are 
derived exclusively from it, the 
latter having no external open- 
ing. The nervous layer also 
plays the niore important part 
in the formation of the (df.ictory 
sack . 

The outer layer of epiblast- 
cells becomes ciliated after the 
close of the segmentation, but 
the cilia gradually disappear on 
the formation of the internal gills The cilia cause a slow rotatory 
movement of the embryo within the egg, and pnd>ably a.ssist in tlui 
respiration after it is hatched. Thi‘V are especially developed on 
the external gills. 

In tlic Newt (Scott and Osborn, No. 114 ) the medullary 
]»late Ih'cowics establi.shed, while the epiblast i.H still formed of a single row 
of cells; and it is not till alter the clo.sure of tlie neund groove that any 
distinction i.s o))servahle h(»tween the epitliolium of the central canal, 
and the I'einaining cells of the cerebro-spinal cord (fig. 75). 

Bt'fore the closuiv of tlie medullary folds the lateral epiblast l)econies 
divided into the tw'o strata pivsemt from the first in the Fi’og ; and in the 
subsequent development the inner layer behaves as the active layer, pi*e- 
ciscly as in the Auura. 

The mesohlast and notochord: Annra. After the disappear- 
ance of the segmontatiofi-cavitv, the mesohlast is described by most 
oKsorvers, including Giitte, as forming a continuous sheet round the 
ovum, underneath the epiblast. The first important diflferentiations 
in it take place, as in the. case of the epiblast, in the axial dorsal 
line. Along this line a central cord of the mesohlast becomes sepa- 
rated from the two lateral sheets to form the notochord. Calberla 
states, however, that when the mesohlast is distinctly separated from 
the hypoblast it does not form a continuous sheet, but two sheets one 
on each side, between which is placed a ridge of cells continuous 
witli the liypoblastic sheet. This ri<ige subsequently becomes sepa- 



Fir,. 73. Diaoiummatic 

sKCTiox OF iiiii KMimvo OF A Fboo. (Modi- 
fied fiom til d to.) 

nr. neural canal; x. point of junction of 
epiblast and hypoblast at tlie dorsal lip of 
the tdiistoporc ; «/. alimentary tract; yA*. 
Ytdk-cells; w. mesoblnst. For the sake of 
feiuiplicitv the epiblast is re]>rc*sented as if 
composed of a single row of cells. 
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rated from the hypoblast as the notochord. Against this view Qotte 
has recently strongly protested, and gjiven a series of earful repre- 
sentations of his sections which certainly support his original ac- 
count. 

My own observations are in favour of Calberla’s statement, and so far 
as I can determine from my sections the mesoblast never appears as a 
perfectly continuous sheet, but is always deficient in the dorsal median 
line. My observations ai*e unfortunately not founded on a suflScient seiies 
of sections to settle the point definitely. 

After the formation of the notochord (fig. 72), the mesoblast may 
be regarded as consisting of two lateral plates, continuous ventrally, 
but separated in the median dorsal line. By the division of the dorsal 
parts of these plates into segments, which commences in the region 
of the neck and thence extends backwards, the mesoblast of the 

trunk becomes divided into a 



Fio. 74. Section thkouoh the an- 

TKRIOB PART OF THE TRUNK OF A YOCNO 
EMBRYO OF Bombinator. (After Gotie. ) 


a$*". medulla oblongata; iir*. eplanchno- 
pleure ; air*, eomatoplenre in the verU^bral 
part of the meRoblastic plate; «. iat<>ral 
plate of mesoblast; /. throat; e, jiassage of 
epithelial cells into yolk-cells ; d, yolk-cells ; 
r. dorsal groove along the Hue of junction 
of the m^uilaiy folrln. 


vertebral portion, cleft into se- 
parate somites, and a lateral un- 
segmented portion (fig. 74). 

The history of these two parts 
and of the mesoblast i.s generally 
the same as in Elasmobranchs. 

The mesoblast in the head be- 
coniOK, Recording to CHitte, divided 
into four .segments, equivalent to 
the trunk .somites. Owing to a 
confusion into which Gotte ha.s fallen 
from not recognizing the epiblasiic 
origin of the cnuiial iierA'es, his 
siattmit'iitH on this head must, 1 
think, be acc<*pte<l with considerable 
iT.serve ; but some j»art of his seg- 
ments aji[)eai*K to corresjxmd with 
the }iead-cavitje.s of Elaamobraiichii. 

IJrodela. Scott ami Osbom 
(No. 1 14) have shewn that in the 
Newt the mesoblast (fig. 75) is 
formed of two hitenil jilates, split 
ofl* from the hyjjoblast, and that 
the ventral growtli of tliese plaU^s 
is hirg(»ly eftected by the convoi*Hion 
of yolk-cvlls into meHoblast-cells. 
They have further shewn that the 
notochonl is formed of an axial 


2 }ortion of the hypohUtsi^ as in the 
types already considered (fig. 75). The Ixxiy-cavity is continued into the 
region of the head ; and the mesoblast lining the cephalic section of the 
body-cavity is divided into the same nutnlier of head-cavities as in Elasmo- 
bratichii, viz. one iu front of the mouth, and one in the mandibular and 
one iu each of the following ai*ches. 
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Fig. 75. Tbansvkbse section through the 

CEPHALIC REGION OF A YOUNG NeWT EHBRYO. 

(After Scott and Osborn.) 

In.hy. invaginatcd hypoblast, the dorsal part 
of wliich will form the notochord; ep. epiblast 
of neural plate; »p. splanchnopleure; al, ali- 
mentary tract; yk. and Yhy. yolk-cells. 


The hypoblast. There are no important points of difference in 
the relations of the hypoblast between the Anura and XJrodela, The 
mesenteron, at the stage re- 
presented in 6g. 73, forms a fn’cr 

wide cavity lined dorsally by 
a layer of invaginated hypo- 
blast. and ventrally by the 
yolk-celUb The hypoblast is 
continuous laterally and in 
front with the yolk-cells 
(figs. 72, 74 and 75). At an 
earlier stage, when the me- 
son teroii has a loss definite 
form, such a continuity be- 
tween the true hypoblast and 
the yolk-cells does not exist 
at the sides of the cavity. 

The definite closing in of 
the mesenteron by the true 
hypoblast-cells commences in 
front and behind, and takes pla<‘e last of all in the middle (fig. 76). 
In front this i)rocess takes place with the greatest rapidity. The 
cells of the yolk-fioor become continuously differentiated into hypo- 
bhist-cells, and vt‘ry soon the whole of the front end becomes com- 
pletely lined by true hypoblastic cells, while the yolk-cells become 
confined to the floor of the middle part. 

The front jiortion of the mesenteron gives ri^e to the oesophagus, 
stomach and duodenum Close to its hinder boundary there appears 
a ventral outgrowth, which is the commencement of the hepatic 
diverticulum (fig. 76,/). 

Tlie yolk is thus post- 
hepatic, as in Verte- 
brates generally. 

The stomocheum is 
formed compiirat i vely 
late by an epiblastii^ 
invagination (fig. 76, 
m\ 

It should be noticinl 
that the conversion of 
the yolk-celU into hy)>o> 
hla^t-ceils form the 
Ventral wall of tin? an- 
terior I'egion of the ali- 
mentary tract is a chirndy 
similar occurmice to the 
formation of ctdls in the 
yolk-floor of the antcuior ])art of the alimentary tract in Elasmobmnchii. 



Fiii. 76. Longituiun.al section through an ai>- 
vancki) kmbr\o of Uomuinator. (After Gfttte.) • 

III. mouth; an. nnus; t. liver; nt*. neurenterio 
cnnnl; tnr. medullary canal ; ch. notochord; pn. pineal 
gland. 
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This conversion is appawntly denied by Gotte, but since I find cells in all 
stages of transition between yolk-cells and hypoblast-oells I cannot doubt 
the fact of its occurrence. 

At first, the mesenteron freely communicates with the exterior 
by the opening of the blastopore. The lips of the blastopore gradu- 
ally approximate, and form a narrow passage on the dorsal side of 
which the neural tube opens, as has already been described (fig. 73). 
The external opening of this passage finally becomes obliterated, 
and the passage itself is left as a narrow diverticulum leading from 
the hind end of the mesenteron into the neural canal (fig. 76). It 
forms the post-anal gut, and gradually narrows and finally atrophies. 
At its front border, on the ventral side, there may bo seen a 
slight ventrally directed diverticulum of the alimentary tract, which 
first becomes visible at a somewhat earlier stage ifig. 73). This 
diverticulum become.s longer and meets an invagination of the skin 
(fig. 76, which arises in Rana tcm])orana at a somewhat earlier 
period than represented by Gotte in Bombinator. This epiblastic 
invagination is the proctodauim, and an anal perforation eventually 
appears at its upper extremity. 

The ditferentiation of the hinder end of the prieanal gut proceeds 
in the same fashion as that of the front end, though somewhat later, 
[t gives rise to the cloacal and intestinal jmrt of the alimentary tract. 
From the ventral wall of the cloacal section, there grows out the bifid 
allantoic bladder, which is probably homologous with the allantois of 
the higher Yertebrata. After the differentiation of the ventral wall 
of the fore and hind ends of the alimentary tract Inis proceeded for 
a certain distance, the yolk only forms a floor for a restricted 
median region of the alimentary cavity, which corresponds to the um- 
bilical canal of the Amniota. The true hypoblastic epithelium then 
grows over the outer side of the yolk, which thus constitutes a 
true, though small, and internal yolk-sack. The yolk-cells enclo.sed 
in this sack become gradually absorbed, and the walls of the sack 
fonn part of the intestine. 

General growth of the Embryo, 

Aniira. The pyriform medullaiy plate, already described, is the 
first external indication of the embryo. This plate apjiears about 
the stage represented in longitudinal section in fig. 71 B. The 
feature most conspicuous in it at first is tlie axial groove. It soon be- 
comes more prominent (fig. 77 A), and ends behind at the blastopore 
ibl), the lips of which are continuous with the two medullary folds. 
As the sides of this plate bend upwards to form the closed medullary 
canal, the embryo elongates itself and assumes a somewhat oval 
form! At the same time the cranial flexure becomes apparent (fig, 78), 
and the blastopore shortly afterwards becomes shut oflF from the 
exterior. The embryo now continues to grow in length (fig. 77 B), 
and the mesoblast becomes segmented. The somites are nrst formed 
in the neck, and are added successively behind in the unsegmented 
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posterior region of tlie embryo, 
out into a rounded prominence, 
which rapidly elongates, and 
becomes a well-marked tail 
entirely formed by the elon- 
gation of the post-anal section 
of the body. The whole body 
has a very decided dorsal flex- 
ure, the ventral surface being 
convex. Fig. 78 represents an 
embryo of Bombinator in side 
view, with the tail commen- 
cing to project. The longitu- 
dinal section (fig. 76) is taken 
through an embryo of about 
the same age. In the cephalic 
region important changes have 
taken place. The cranial flex- 
ure has become more marked, 


The hind end of the embryo grows 


Fin, 77. Embryob of the common Froo, 
(After Bemak.) 

A. Youn^ stage represented enclosed in 
the egg membrane. The medullary plate is 
distinctly formed, hnt no part of the medullary 
canal is closed, hi. blastopore. 

B. Older embryo after the closure of the 
medullary canal, oc. optic vesicle. Behind 
the ojUic ve.sicle ai*e seen two visceral arches. 


but is not so conspicuou.s a 

feature in the Amphibia as in most other types, owing to the small 
size of the cerebral rudiment. Tlie mid-brain is shewn at fig. 78 a 
forming the termination of the long axis of the body, and the optic 
vesicles ia) are seen at its sides. 

The rudiments of the mandibular (rf), hyoid (e), and first bran- 
chial {e) arches project as folds at the side of the head, but the 




Fio. 78. Lateral vir.w of an advanceh embryo of BoMiiiNATOR, (After Gotte.) 
a. mid-brain; a . eye; h. hiiubbraiu; d. mandibular arch ; d\ Gasserian ganglion; 
F. hyoid arch; c'. first branchial arch; f. seventh nerve; f\ glossopharyngeal and 
vagus nerve; g. auditory voniclc; i. boundary between liver and yolk-sack ; k. suctorial 
disc; /. pericardial proiumcuco ; w. prominence formed by the pronephros. 


visceral clefts are not yet open. Rudiments of the proctodteum and 
stomodfleum have appeared, but neither of them as yet communi- 
cates with the mesenteron. Below the hyoid arch is seen a peculiar 
disc (k) which is an embryonic suctorial organ, formed of a plate of 


110 


GENERAL GROWTH, 


thickened epiblast. There is a pair of these discs, one on each 
side, but only one of them is shewn in the figure. At a later period 
they meet each other in the middle line, though they sepamte again 
before their final atrophy. They are found in the majority of the 
Anura, but are absent according to Parker in the Aglossa (Pipa and 
Dactylethra (fig. 83)). They are probably remnants of the same 
primitive organs as the suctorial disc of Lopidosteus. 

The embryo continues to grow in length, while the tail becomes 
more and more prominent, and becomes bent round to the side owing 
to the confinement of the larva within the egg membrane. At the 
front of the heatl the olfiictory pits become distinct. The stomo- 
dseum deepens, though still remaining blind, and three fresh 
branchial arches become formed ; the last two being very imperfectly 
differentiated, and not visible from the exterior. There are thus six 

arches in all, viz. the mandibular, the 



hyoid and four branchial arches. Between 
the mandibular and the hyoid, and between 
each of the following arches, pouches of 
the mesenteron jmsh their way towards 
the external skin. Of these pouches there 
are five, there being no |K>uch behind the 
la.st branchial arch. The first of these will 
form the hyomandibular cleft, the second 
the hyobranchiul, and the third, fourth and 
fifth the three branchial clefts. 

Although the pouches of the throat 
meet the external .skin, an external open- 
ing is n(»t formed in them till after the 
larva is hatche<l. Before this takes place 
there grow, in tlie majority of forms, from 
the outer side of the first and second 
branchial arches small processes, each form- 
ing the nidiment of an external gill ; a 
similar nidiment i.s formed, either before 


Fio. 79. Tbansverre sec- or after hatcliing, on the third arch ; but the 


THEOUGH A VERY TOCNO 

xjB or Bomrinator at the 

or THE ANTERIOR EKD OF 
THE YOLK-SACK. (After Gdttc.) 

a, fold of epiblast continii- 
OHS with the dorsal fin; 
neural cord ; m. lateral muscle; 
OA*. outer layer of muscle-plate; 
A. lateral plate of mesoblast; 
b. mesentery; u. fold of the 
peritoneal epithelium which 
forms the segmental dnet; /. 
alimentary tract; rentru 
dlrerticulum which becomes 
the liYer; e. junction of yolk- 
and hypoblast-eells; d. 


fourth arch is without it (figs. 80 and 82). 

These exteraal gills, which differ fun- 
damentally from the extenml gills of Elas- 
mobranchii in being covered by epiblast, 
soon elongate and form branched ciliated 
processes floating freely in the medium 
around the embryo (fig. 80). 

Before hatching the excretory system be- 
gins to develop. The segmental duct is 
formed as a fold of the somatic wall at the 
dorsal side of the body cavity (fig. 79, w). Its 
anterior end alone remains open to the body- 
cavity, and pves rise to a pronephros with 
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two or three peritoneal openings, opposite to which a glomerulus is 
formed. 

The mesonephros (permanent kidney of Amphibia) is formed as a series 
of segmental tubes much later than the pronephros, during late larval life. 
Its anterior end is situated some distance behind the pronephros, and during 
its formation the pronephros atrophies. 

The period of hatching varies in different larvae, but in most 
cases, at the time of its occurrence, the mouth has not yet become 
perforated. The larva, familiarly known as a tadpole, is at first 
enclosed in the detritus of the gelatinous egg envelopes. The tail, 
by the development of a dorsal and ventral fin, very soon becomes a 
powerful swimming organ. Growth, during the period before the 
larva begins to feed, is no doubt carried on at the expense of the 
yolk, wdiieh is at this time enclo.sed within the mesenteron. 

The mouth and anal perforations are not long in making their 
appearance, and the tadpole is then able to feed. The gill slits also 
bdcome perforated, but the hyomandibular diverticulum in mo.st 
species never actually opens to the exterior, and in all cases becomes 
very soon closed. 


There can be but litih* doubt that the hyomandibular diverticulum gives 
rise, as in the Ainniota, to the Eustachian tube and tympanic cavity, 
except wlien these arvi ab- 


sent (if, IJoinbinatoridie). 
Gcitte holds howev’er that 
these parts are derived 
fmin the hyobmncliial 
cleft, but his stat<‘inent8 
on this head, which would 
involve us in great inorjiho- 
logical ditficul ties, stand in 
direct contradiction to the 
careful ^esearclu^s of Par- 
ker. 

Shortly after hatch- 
ing, there gr(»wsout from 
the hyoid arch on each 
side an opercular fold of 
skin, which gradually 
covers over the posterior 



branchial arches and the 
external gills (fig. 80 d). 
It fuses with the skin 
at the upper part of 
the gill arenes, and also 
with that of the pc>^ri- 
cardial wall below them ; 
but is free in the mid- 
dle, and so assists in 


Fio. 80 . Tadpoles with external branchxjs. 

(From Huxley ; after Ecker.) 

A. Lateral view of a young tadpole. 

B. Ventral view of a somewhat older tadpole. 

hb, external branchifp; m. mouth; n. nasal sack; 
a, eye; o. auditery vesicle; z, homy jaws; $, ventral 
sucker; d. oj»crcular fold. 

C. More advanced larva, in which the opercular 
fold has nearly covered the branchiie. 

IT. ventral sucker; h, external branchiae; y, rudi- 
tnant of hind limb. 
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forming a cavity, known as tke branchial cavity, in which the gills 
are plstced. Each branchial cavity at first opens by a separate widish 
pore behind (fig. 80), and in Dactylethra both branchial apertures 
are preserved (Huxley). In the larva of Bombinator, and it would 
seem also that of Alytes and Pelodytes, the original widish openings 
of the two branchial chambers meet together in the ventral line, 

and form a single bran- 



Fig. 81 . TADPoiJi of Bombinator from the 

VENTRAL SIDE, WITH THE ABDOMINAL WALL REMOVED. 

(After Gottc.) 


chial opening or spiracle. 
In most other forms, i.e. 
Kana, Buto, Pelu bates, 
etc., the two branchial 
chambers become united 
by a transverse canal, and 
the opening of the right 
sack then vanishes, while 
that of the left remains 


Bebiud the mouth arc plami the two Huckor«, the single unsyinme- 

triad spiracle. In breath- 
ing the water is taken in 


ut the mouth, passes through the branchial clefts into the branchial 
cavities, and is thence carried out by the spiracle. 

Immediately after the formation of the branchial cavities, the 
original external gills atrophy, but in their place fresli gills, usually 
called internal gills, appear on the outer side of the middle region of 


the four branchial arches. 


There is a single row of these on the first ami fourth branchial 
arches, and two rows on the second and third. In addition to these 
gills, which are vascular proces-ses of the mesoblast, covered, according 
to Gotte, with an epibhistic (?) epithelium, branchial processes ap(>ear 
on the hypoblastic walls of the three branchial clefts. The last-named 
branchial processes would appear to be homologous with the gillft of 
Lampreys. In Dactylethra no other gills but these are formed (Parker), 
The mouth, even before the tadpole begin-s to feed, acijuires a 
transversely oval form (fig. 81), and becomes armed with provisional 
structures in the form of a horny beak and teeth, which are in use 
during lan^al life. 


The beak is formed of a pair of horny plates moulded on the upper and 
lower pairs of labial cartilages. The upjier valve of the lM*iik is the, larger 
of the two, and covers the lower. Tlie Wtk is summiuleil by a projecting 
lip formed of a circular fold of skin, tlie free edge of which is covereil by 
papilla*. Between the impilhe and the lK*ak rows of horny teeth airi 
placed on the inner surface of the lip. There aix? usually two rows of them^ 
on the upper side, tlie inner omp not coutiuuiius across the middle line, and 
three or four row's on the lower side, the iuncr one or two divided into two 
lateral parts. 


As the tadpole attains its full development, the suctorial organs 
tebind the mouth gnulually atrophy. The alimentary canal, which 
« (^a 8D at first short, rapidly elongates, and fills up with its 
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numerous coils the large body cavity. In the meantime^ the lungs 
develop as outgrowths from the oesophagus. 

Yarious features in the anatomy of the Tadpole point to its being a 
repetition of a primitive vertebrate type. The nearest living representa- 
tive of this type appears to be the Lamprey. 

The resemblance between the mouths of the Tadpole and Lamprey is very 
striking, and many of the peculiarities of the larval skull of the Anura^ 
especially the position of the Meckelian cartilages and the subocular arch, per- 
haps find their parallel in the skull of the Lamprey ^ The internal hypo- 
blastic gill-sacks of the Frog, with their branchial processes, are probably 
equivalent to the gill-sacks of the Lamprey* ; and it is not impossible that 
the common posterior openings of the gill-pouches in Myxine are equiva- 
lent to the originally paired (ipenings of the branchial sack of the Tadjiola 

The resemblances between the Lamprey and the Tadpole appear to me 
to be sufficiently striking not to be merely the results of more or less 
similar habits ; but at the same time there are no grounds for supposing 
that the Lamprey itself is closely related to an ancestral form of the 
Amphibia. In dealing with the Ganoids and other types arguments have 
been adduced to shew that there was a primitive vertebrate stock pro- 
vided with a perioral suctorial disc; and of this stock the Cyclostomata 
are the degraded, but at the same time the nearest living representatives. 
The resemblances between the Tadpole and the Lamprey are probably due 
to both of them l>eing descended fri»m this stock. The Ganoids, as we have 
seen, also shew tnices of a similar descent ; and the resemblance between 
the larva of Dactylethra (fig. 83), tbe Old Red Sandstone Ganoids® and 
Chimtera, probably indicates that an extension of our knowledge will bnng 
to light further affinities between the jirimitive Ganoid and Holocephalous 
stocks and the Amphibia. 

Metamorphosis. The change undergone by the Tadpole in its 
passage into the Frog is so considerable as to deserve the name of a 
metamorphosis. This metamorphosis essentially consists in the re- 
duction and atrophy of a series of provisional embrj’onic organs, and 
the apix^arance of mlult organs in their place. The stages of this 
metamoiphosis are shewn in fig. 82, 5 , 6 , 7 , 8 . 

The two pairs of limbs appear nearly simultaneously as small 
buds ; the hinder pair at the junction of the tail and body (fig. 82 , 5 ), 
and the anterior }>air concealed under the opercular membrane. The 
lungs acquire a greater and greater importance, and both branchial 
and pulmonary respirations go on together for some time. 

When the adult organs are sufficiently developed an eedysis takes 
place, in which the gills are completely lost, the provnsional homy 
beak is thrown off, and the mouth loses its suctorial form. The 
tjyes, hitherto conceaUsi under the skin, become exposed on the 

* Vidt Huxley, ** Craniofacial apparatus of Petromyxon.” Journal of Amt. and 

*Vol. X. 1876. Huxley**! views about the Mcckeliaii arch, etc., are plausible, but 
xt seems probable from Soott*s observations that true branchial bm are not developed 
in the Ijamprey, How far this foot necessarily disproves Huxley's views Is still doubtful. 

* Conf. Huxley and Gdtte. * Cf. Parker (Ko. 107). 

B, E, H, 8 
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surface^ and the front limbs app^ (fig. 82, 6). With these external 
changes important internal modifications of the mouth, the vascular 
system, and the visceral arches take place. A gradual atrophy of 

the tail, commencing 



at the apex, next sets 
in, and results in the 
complete absorption 
of this organ. 

The long alimen- 
tary canal becomes 
shortened, and the, in 
the main, herbivorous 
Tadpole gradually be- 
comes converted into 
the carnivorous Frog 
(fig. 82, 6, 7, 8). 

The above descrip- 
tion of the metamor- 
phosis of the Frog ap- 
plies fairly to the ma- 
jority of the Anura, 
but it is necessary to 
notice a few of the 
more instructive diver- 
gences from the general 
type. 

In the first place, 
several forms are 
known, which are 
hatched in the coudi- 


Fio. 82. Tadpoles and tocno op the common Froo. 
(From Hivart. ) 

1. Becenilj-hatobed Tadpoles twice the natural size. 
2. Tadpole with external gills. 2a. Same enlarged. 
3 and 4. Later stages after the enclosure of the gills by 
the opercular membrane. 5. Stage with well-developed 
hind-limba viaible. 6. Stage after the ecdysis. with both 
pairs of limbs visible. 7. Stage after partial atrophy of 
the tail. 8. Young Frog. 


tion of the adult The 
exact amount of meta- 
morphosis ivhich these 
forms pass through in 
the egg is still a matter 
of some doubt Hy- 
lodes Martiuicensis is 
one of these forms. 


The larva no doubt 


acquires within the egg a. long tail; but while Bavay* states that it is 
provided with external gills, which however are not covered by an oper- 
culum, Peters* was unable to see any traces of such structures. 

In Pipa Americana, and apparently in Pipa dorsigera also if a distinct 
species, the larva leaves the cells on the back of the mother in a condition 
closely resembling the aduli The embryos of Inith B|)ecies develop a Itmg 
tfiil in the egg, wUch is absorbed before batching, and according to Wyman* 


’ Annai. de SeieMS$ Nat,, Bih Series, Vol. xvn., 1873. 

* BerUn: MonaUheriekt, 1876, p. 706, and Nature^ April 5, 1877. 

* Ptoeud, of Bo$Um Nat. Hitt. Society, Yol. 1854. 
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P. Americana in also temporarily provided with gills, which atrophy 
eariy. 

The larva of Rhinoderma Darwiiiii is stated by Jiminez de la Espada 
to be without external gills, and it appears to be hatched while still in the 
laryngeal pouch of the male. In Nototrema marsupiatum the larvse are 
also stated to be without external gills. 

Amongst the forms with remarkable developments Pseudis paradoxa 
deserves especial mention, in that the tadpole of this form attains an 
immensely greater bulk than the adult ; a peculiarity which mav be simply 
a question of nutrition, or may perhaps be explained by supposing that the 
larva resembles a real ancestral form, which was much larger than the 
existing Frog. 

Another fom of perhaps still greater morphological interest is the 
larva of Dactylethn 9 L The chief peculiarities of this larva (fig. 83) have 
been summarized by Parker (No. 107 , p. 626), from whom T quote the 
following passage ; 



Flo. 88. Larva of Pacttlethra. (After Parker.) 

a. ** The mouth is not inferior in position, suctorial and small, but is 
very wide like that of the ‘Siliiroids and Lopliius;’ has an underhung 
lower jaw, an immensely long tentacle from each upper lip, and }K>ssesse 8 
no trace of the primordial homy jaws of the ordinary kind. 

h. In conformity with these characters the bead is extremely flat or 
depresseil, instead of being high and thick. 

c. “ There are no clampers beneatli the chin. 

d. “ The branchial orifice is not confined to the left side, but exists on 
the right side also. 

e. ** The tail, like the skull, is remarkably chimo^roid it terminates in a 
long tliin pointed lash, and the whole caudal region is narrow and elongated 
as oompanMl with that of our ordinary Batrachian larva;. 

f. “ The fort'-Hmbs are not hidden beneath the 0 |>ercular fold.” 

Although most Anurous embryos are not provided with a sufficient 

amount of yolk to give rise to a yolk-sack as an external appendage of the 
embryo, yet in some forms a yolk-sack, nearly as large as that of l^eleostei, 
is develojied. One of these forms, Alytes obstetricans, belongs to a well- 
known European genus allied to Pelobates. The embiyos of Pipa dorsigera 
(Parker) are also provided with a very large yolk-sack, round which Uiey 
are coil^ like a Teleostean embryo. A large yolk-sack is also developed 
in the embryo of Pseudophryne australis. 

The actual complexity of the organization of different tadpoles, and 
their relative size, as compared with the adult, vary considerably. The 

S -— 2 
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tadpoles of Toads are the smallest, Pseudophiyne australis excelling in 
this respect ; those of Pseudis are the largest known. 

The external gills reach in certain forms, which are hatched in late 
larval stages, a very great development. It seems however that this de- 
velopment is due to these gills being esj>ecial]y required in the stipes before 
hatching. Thus in Alytes, in which the larva leaves the egg in a stage 
after the loss of the external gills, these structures reach in the egg a very 
great development. In Notodelphis ovipara, in which the eggs are carried 
in a dorsal pouch of the mother, the embryos are provided with long vesi- 
cular gills attached to the neck by delicate thi'eads. The fact (if confirmed) 
that some of the forms wliich are not hatched till post-larval stages are with- 
out external gills, probably indicates that there may be various contrivances 
for embryonic i*espiration‘ ; and that the external gills only attain a great 
development in those instances in which respiration is mainly carried on 
by their means. The external gills of Ellasmobranchii are prolmbly, as 
stated in a previous chapter, examples of secondarily develo|)ed structures, 
which have been produced by the same causes as the enlarged gills of 
Alytes, Notodelpliis, etc. 

TTrodela. Up to the present time complete observations on the 
development of the Urodela are confined to the Myctodera*. 

The early stages are in the main similar to those of the Anura. 
The body of the embryo is, as pointed out by Scott and 0.sborn, ven- 
trally instead of dorsiilly flexed. The metamorphosis is much less 
complete than in the Anura. The larva of Triton may be taken as 
typical At hatching, it is provided with a powerful swimming tail 
bearing a well-developed fin : there are three pairs of gills placed 
on the three anterior of the tnie bmnchial arches. 

Between the hyoid and first branchial arch, and between the other 
branchial arches, slits are developed, there being four slits in all. 
At the peri^xl just before hatcliing, only three of these have made 
their appearance. The hyomaiidtbular cleft is not perforated. Stalked 
stickers, of the same nature as the suckers of the Anura, are formed on 
the ventral surface behind the mouth. A small oj^ercular fold, deve- 
loped from the lower part of the hyoid arch, covei-s over the bases of 
the gills. The suctorial mouth and the provisional homy beak of the 
Anura have no counterpart in these larva>. The skin is ciliated, and 
the cilia cause a rotation in the egg. Even Ix^fore hatching, a small 
rudiment of the anterior pair of limbs is furnufd, but the hind-limbs 
are not developed till a later stage, an<i the limbs do not attain to 
any sixe till the larva is w^ell advanced In the course of the sub- 
sequent metamorphosis lungs become developed, and a pulmonarjr 
respiration takes the place of the branchial one. The branchial slits 
at the same time close and the branebias atrophy. 

> In oonfirmstion of this view it m%y be mentioned that in Pips Americans the 
taU ap^rs to function as a respiratory organ in the later stages ^ develoimient 

’ Tne recent observations on this sul^ect arc those of Beott and Osborn (No. 1 14) 
on Triton, of Bambeke (No. 95) on various species of Triton and the Aioiou, and of 

/Nn tfuMi dn Amblvstoma ponctatum. 
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The other types of Myctodera, so far inrestigated, agree fairly with the 
Newt. 

The larva of Amblystoma ponctatain (fig. 84) is provided with two 
very long processes (s), liko the suctorial processes in Triton, placed on the 
throat in front of the external gills. They are used to support the larva 
when it sinks to the bottom, and have been called by Clark (No. 98 ) 
balancers. On the development 
of the limbs, these processes drop 
off. The external gills attophy 
about one hundred days after 
hatching. 

It might have been anticipated 
that the Axolotl, being a larval 
form of Amblystoma, would agi'ee 
in development with Amblystoma 
punctatum. The conspicuous suc- 
torial processes of the latter form 
are however represented by the 
merest rudiments in the Axolotl. 

The young of Salamandra 
maculata leave the uterus with 
external gills, but those of the 
Alpine Salamander (Salamandra 
atra) are bom in the fully de- 
veloped condition without gills. 

In the uterus they fiass thmugh 
a metainoq)hosis, and are provided 
(in accordance with the principle 
already laid down) with very long 
gill-filaments ^ 

Salamandra atiu. has only two 
embryos, but there are originally 
a larger number of eggs (Von Sie- 
>)old), of which all but two fail to 
develop, while their remains are 
used as pabulum by the two which 
survive. Both species of Sala- 
mander have a sufficient quantity 
of food-yolk to give rise to a yolk-sack. 

Spelerpes only develoj^ three post-hyoid arches, between which slits are 
form^ as in ordinary ty|>ea Menobranchus and Proteus agree with 
S|>elerpes in the number of j>ost-hyoid arches. 

One of the most remarkable recent discoveries with reference to the 
metamorphosis of the Urodela was made by Dumeril*. He found that 
some of the larvfe of the Axolotl, bred in the Jardin des Plantes, left the 
water, and in the course of about a fortnight underwent a similar meta- 
morphosis to that of the Newt, and became converted into a form agreeing 
in every particular with the American genus Amblystoma. During this 

^ Allen Thomson informs me that the crested Newt, Triton oristatus, is in rare 
instanoes viviparous. 

• ' I Rendw, 1870, p. 782. 



Fio. H4. Larv^c of Amblystoma puncta- 
TCM. (After Clark. ) 

n. nasal pit; /. oral inv^uaiion; op. 
eye; 9. balancers; /./. front limb; hr. bran- 
cbia*. 
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metamorpliosiB a pulmonary respiiution takes the place of a branchial one, 
the gills are lost, and the gill-slits close. The tail loses its iin and be- 
comes rounded, the colour changes, and alterations take place in the gums, 
teeth, and lower jaw. 

Madame von Chauvin' was able, by gradually accustoming Axolotl 
larvfe to breathe, artificially to cause them to undergo the above meta- 
morphosis. 

It seems very possible, as suggested by Weismann*, that the existing 
Axolotls are really descendants of Amblystoma forms, which have reverted 
to a lower stage. In favour of this possibility a very interesting discovery 
of Filippi’s” may be cited. He found in a pond in a marsh near Andermat 
some exajnples of Triton alpestris, which, though they had become sexually 
mature, still retained the external gills and the other larval characters. 
Similar sexually mature larval forms of Triton tseniatus have been 
described by Jullien. These discoveries would seem to indicate that it 
might be possible artificially to cause the Newt to revei*t to a perenni- 
brauchiate condition. 

flymnophiopat The development of the Gymuopbiona is almost 
unknown, but it is certain that some larval forms are provided with 
a single gill-cleft, while others have external gills. 

A giil-cleft has been noticed in Epicrium glutinosum (MUlIer), 
and in Coecilia oxyura. In Coecilia compressicauda, Peters (No. io8) 
was unable to find any trace of a gill-cleft, but he observed in the 
larvae within the uterus two elongated vesicular gills. 
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CHAPTER VIII. 


AVES. 

INTRODUCTION. 

The variations in the character of the embryonic development 
of the Amniota are far less important than in the case of the Ichthy- 
opsida. There are, it is true, some very special features in the early 
developmental history of the Mammalia, but apart from these there 
is such a striking uniformity in the embryos of all the groups that 
it would, in many cases, be difficult to assign a young embryo to 
its proper class. 

Amongst the Sauropsida the Aves have for obvious reasons re- 
ceived a far fuller share of attention than any other group ; and an 
account of their embryology forms a suitable introduction to this 
part of our subject. For the convenience of the student many parts 
of their developmental histoiy will be dealt with at greater length 
than in the case of the previous groups. 

The development of the Aves. 

Comparatively few tjrpes of Birds have been studied embryo- 
logically. The common Fowl has received a disproportionately large 
share of attention ; although within quite recent times the Duck, the 



Fio. 85. T 01 .K nixuBUtn tbou the egg of the Fowl. 
A, Yellow yolk. B. White yolk. 


Goose, the Pigeon, the Skiing, and a Parrot (Melopsittacus undu- 
latus) have also been studied. The result of these investigations ba# 
b^n to shew that the variations in the early development of different 
Birds are comparatively unimportant. In the sequel the common 
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Fowl will be employed as type, attention being called when necessary 
to the development of the other forms. 

The ovum of the Fowl, at the time when it is clasped by the ex- 
panded extremity of the oviduct, is a large yellow body enclosed in a 
vitelline membrane. It is mainly formed of spherules of food-yolk. 
Of these there are two varieties ; one known as yellow yolk, and the 
other as white. The white yolk spherules form a small mass at the 
centre of the ovum, which is continued to the surface by a narrow 
stalk, and there expands into a somewhat funnel-shaped disc, the edges 
of which are continued over the surface of the ovum as a delicate 
layer. The major part of the ovum is formed of yellow yolk. The 
yellow yolk consists of large delicate spheres, filled with small 
granules (fig. 85 A) ; while the white yolk is formed of vesicles of a 
smaller size than the yellow yolk spheres, in which are a variable 
number of highly refractive bodies (fig. 85 B). 

In addition to the yolk there is present in the ovum a small proto- 
plasmic region, containing the remains of the germinal vesicle, which 
forms the germinal disc (fig. 86). It overlies the funnel-shaped disc 



Fio. 86. Section theough the germinal disc op the ripe ovarun ovum of a 
Fowl while yet enclosed in its capsule. 
a. Connective-tissue capsule of the ovum; h. epithelium of the capsule, at the 
surface of which nearest the ovum lies the vitelline membrane; r. granular material 
of the germinal disc, which becomes converted into the blastoderm. (This is not 
very represented ia the woodcut. In sections which have been hardened in 
chromic acid it consists of line granules.) w.y, white yolk, which passes insensibly 
into the fine granular material of the disc ; x. germinal vesicle enclosed in a distinct 
membrane, but shrivelled up; space originally completely filled np by the germinal 
vesicle, before tlie latter was shriveUed up. 

of white yolk, into which it is continued without any marked line of 
demarcation. It contains numerous minute spherules of the same 
nature as the smallest white yolk spherules. 

Impregnation takes place at the upper extremity of the oviduct. 

In its passage outwards the ovum gradually receives its acces- 
sory coverings in the form of albumen, shell-membrane, and shell 
(fig. 87). 

The segmentation commences in the lower part of the oviduct, 
shortly before the shell has begun to be formed. It is mero- 
blastic, being confined to the germinal disc, through the full depth 
of which however the earlier furrows do not extend. It is mainly 
remarkable for being constantly somewhat unsymmetrical (Kfilliker) 
— a feature which is not represented in fig. 88, copied fipom Coste. 
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Owing to the absence of symmetry the cells at one side of the ger- 



Fio. 87 . DuoaAKiiATxc section of an cnincubatkd Fowl’s boo. 

(Modified from Allen Thomson.) 

hi. blastoderm; v.y. white yolk. This consists of a central flask^riiaped mass and 
a number of layers concentrically airanged around it. y.y. yellow yolk; v.t. yitel- 
line membrane; e. layer of more fluid idbumen immediiMy surrounding the yolk; 
tr. albumen consisting of alternate denser and more fluid layers; ehX ch^za; a.ch. 
air-chamber at the broad end of the egg. This chamber is merely a space left 
between the two layers of the shell-membrane. internal layer of shell-membrane; 
s.m. external layer of shell-membrane; a. shell 

miiuil disc are larger than those at the other, but the relations between 



Fio. 86. SroricE tiswb or ths kabi.t btmbb or the beomertaiiom im a Fowl's eoo. 

(After OoBte.) 

a. edge of germiBsl diae; 6. Tettieal farrow; e. bdieU oentral Begment; d. larger 
perijdierEl aegment. 

the disc and the axis of the emb^o are not known. During the later 
sta^ the se^entation is irr^lar, and not confined to the surface ; 
and towards its close the germinal disc becomes somewhat lenticuhur 
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in shape ; and is formed of segments, which are smallest in the centre 
and increase in size to- 
wards the permhery (fig. 

89 and 90), The super- 
ficial segments in the 
centre of the germinal 
disc are moreover smaller 
than those below, and 
more or less separated as 
a distinct layer (fig. 90). 

As development proceeds 
the segmentation reaches 
its limits in the centre, 
but continues at the pe- 
riphery ; and thus even- 
tually the masses at the 
periphery become of the 
same size as those at the 
centre. At the time when 
the ovum is laid (fig. 91) 
the uppermost layer of 
segments has given rise 
to a distinct membrane, 
the epiblast, formed of a 



Fio. 89. 


Burfacis view of the germinal disc 

A LATE STAGE OF THE BEG- 


OF Fowl’s ego during 

MENTATION. 

c. small central segmentation spheres; 6. larger 
segments outside these; a. large, imperfectly circum- 
scribed, marginal segments; e, margin of germinal 
disc. 





Fio. 90. Section of the germinal disc of a Fowl during the iJkTER stages 

or SEGMENTATION. 

The section, which represents rather more than half the breadth of the blastodem 
(the middle line being shewn at c), shews that the upper and central parts of the disc 
segment faster than those below and towards the periphery. At the periphery the 
segments are stiU very large. One of the larger segments is shewn at a. In the 
majority of segments a nucleus can be seen ; and it seems probable that the nucleus 
is present in them all. Most of the segments are filled with highly refrimting spherules, 
but these are more numerous in some oells (especially the larger cells near me yolk) 
than in others. In the oeutral part of the blastoderm the upper oells have oommenoed 
to form a distinot layer. No segmentation cavity is present. 

a. large peri^eral eell; 6. larger oells of the lower parts of the blastoderm; 
e. middle line ox blastodmn; e. e^ of the blastoderm adjoining the white yolk; 
w. white yolk. 
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single row of columnar cells {ep). The lower or hypoblast segnaents 
are larger, in some cases very much larger, than those of the epiblast, 
and are so granular that their nuclei can only with difficulty be 
seen. They form a somewhat irregular mass, several layers deep, and 
thicker at the periphery than at the centre: they rest on a bed of 
white yolk, from which they are in parts separated by a more or less 
developed cavity, which is probably filled with fluid yolk matter 
about to be absorbed. In the bed of white yolk nuclei are present, 
which are of the same character, and have the same general fate, as 



Fig. 91 . Section of a blastoderm of a Fowl*8 egg at the 

COMMENCEMENT OF InCCBATIOM. 

The thin epiblast ep eomposed of columnar cells rests on the 
incomplete lower layer 1, composed of larger and more granular 
hypoblast cells. The lower layer is thicker in some places than in 
others, and is especially thick at the periphery. The line below the 
under layer marks the upper surface of the white yolk. The larger 
so-called formative cells are seen at lying on tlie white yolk. The 
figure does not take in quite the whole breadth of the blastoderm; 
but the reader must understand Uiat both to the right hand and to 
the left fp is continued farther than 2, so that at the extreme edge 
it rests directly on the white yolk. 

those in Elasmobranchii. They are generally more 
numerous in the neighbourhood of the thickened peri- 
phery of the biast(^erm than elsewhere. Peculiar 
large spherical bodies are to be found amongst the 
lower layer cells, which superficially resemble the 
larger cells around them, and have been called forma- 
tive cells [vide Foster and Balfour (No 126)]. Their 
real nature is still very doubtful, and though some are 
no doubt true cells, others are perhaps only nutritive 
masses of yolk. In a surface view the blastoderm, as 
the segmented germinal disc may now be called, ap- 
pears as a circular disc; the central part of which is 
distinguished from the peripheral by its greater trans- 
parency, and forms what is known in the later stages 
as the area pellucida. The narrow darker ring of 
blastoderm, outside the area pellucida, is the epm- 
mencing area opaca. 

As a result of incubation the blastoderm under- 
goes a series of changes, which end in the definite 
formation of three germinal lavers, and in the esta- 
blishment of the chief systems of organs of the embryo. 
The more important of these changes are accomplished 
in the case of the common Fowl during the ^t day 
and the early part of the second day of incubation. 

There is hardly any question in development which has 
been the subject of so much controversy as the mode of 
formation of the germinal layers in the common Fowl The 
differences in the views of authors have been caused to a 
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large extent by the difficulties of the investigation, but perhaps still more 
by the fact that many of the observations were made at a time when the 
methods of making sections were very inferior to those of the present day. 
The subject itself is by no means of an importance commensurate with the 
attention it has received. The characters which belong to the formation of 
the layers in the Sauropsida are secondarily derived from those in the Ich- 
thyopsida, and are of but little im|X>rtance for the general questions which 
concern the nature and origin of the germinal layers. In the account in the 
8e(|uel I have avoided as much as possible discussion of controverted points. 
My statements are founded in the main on my own observations, more espe- 
cially on a recent investigation carried on in conjunction with my pupil, 
Mr Deighton. It is to Kdlliker (No. 135), and to Gasser (Na 127) that 
the most im|)ortant of the more recent advances in our knowledge are due. 
Xolliker, in his great work on Embryology, definitely established the 
essential connection between the primitive streak and the formation of 
the mesoblant; but while confirming bis statement on this head, 1 am 
obliged to differ from him with reference to some other points. 

Gasser’s work, especially that part of it which relates to the passages 
leading from the neural to the alimentary canal, which he was the first 
to discover, is very valuable. 

The blastoderm gradually grows in size, and extends itself over 
the yolk ; the growth over the yolk being very largely eflTected by 
an increase in the size of the area opaca, which during this process 
becomes more distinctly maiked off from the area pellucida. The 
area pellucida gradually assumes an oval form, and at the same time 
becomes divided into a posterior opa(|ue region and an anterior trans- 
parent region. The posterior opacity is named by some authors the 
embiyoiiic shield. 

During these changes the epiblast (fig. 92) becomes two layers 
deep over the greater part of the area pellucida, though still only one 
cell deep in the area opaca. The irregular hypoblast spheres of the 
uninciilmted blastoderm flatten themselves out, and unite into a 
definite hypoblastic membrane (fig. 92). Between this membrane 




FlO. OS. TbASSVKBSE section THROroR tRE BLASTODERM OF A CHICK BBFOBE 
THE APPEARANCE OF THE PRIMITIVE STREAK. 

The epiblast is represented somewhat diaRrammatically. The hyphens shew the 
points of junction of Uie two halves of the section. 

and the epiblast there remain a number of scattered cells (fig. 92) 
which cannot however be said to form a definite layer altogether 
distinct from the hypoblast. They are almost entirely confined to 
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the posterior part of the area pellucida, and give rise to the (^acity 
of that part. 

At the edge of the area pellucida the hypoblast becomes con- 
tiuuous with a thickened rim of material, underiyiim tiie efHblast, and 
derived from the orginal thickened edge of the buustoderm and the 
subjacent yolk. It is mainly formed of yolk granules, with a varying 
number of cells and nuclei imbedded in it. It is known as the 
germinal wall, and is spoken of more in detail on pp. 132 and 1^. 

The changes which next take place result in the complete differ- 
entiation of the embryonic layers, a process which is intimately con- 



Fi0. 98. SuaauB nxcsTunsa tbx poerrion or m ELtfroroas, and thi asunoN 
or xax xuaaio to tbx toui ih vabious xaaoaLABTic TxaTaBBATB ota. 

A. ^pe of Frog;. B. Elaamobrsnch type. C. Amniotie Tertebrate. 
mg. mednIlaiT plate; ne. netuenteric canal; bl. portion of biaatopore adjoining the 
nenrenterie oanu. In B this part of the blastopore U formed by the edges of the blasto- 
derm meeting and forming a linear streak behind the embryo; and in C it forms Uie 
straetnn known as the primitive streak, yk. part of yolk not yet enclosed by 
the hlastoderm. 

nected with the formation of the stnicture known as the primitive 
streak. The meaning of the latter structure, and its relation to the 
embryo, can only be understood by comparison with the development of 
the forms already considered. The most striking peculiarity in the first 
formation of the embryo Bird, as also in that of the embryos of all Am- 
niota, consists in the fact that theif do not occupy apoaition at the edge 
of the blastoderm, but are placed near its centre, jrohind the embryo 
toere is however a peculiar structure — the primitive streak above men- 



A7E8. 


m 


tioned — ^which is a linear body placed in the posterior region of tbe 
blastoderm. This body, the na|;ure of which will be more fully ex- 
plained in the chapter on the comparative development of Vertebrates, 
IS really a rudimentary part of the blastopore, of the same nature as 
the linear streak behind the embryo in Elasmobranchii formed by the 
concrescence of the edges of the blastoderm {vide p. 52) ; although 
there is no ontogenetic process in the Amniota, like the concrescence 
in Elasmobranchii. Tbe relations of 
the blastopore in Elasmobranchii and 
Aves is shewn in figs. B and C of the 
diagram (fig. 93). 

In describing in detail the succeed- 
ing changes we may at first confine 
our attention to the area pellucida. 

As this gradually assumes an oval 
form the posterior opacity becomes re- 
placed by a very dark median streak, 
which extends forwards some distance 
from the posterior border of the area 
(fig. 94). This is the first rudiment 
of the primitive streak. In the region 
in front of it the blastoderm is still 
formed of two layers only, but in the 
region of the streak itself the structure 
of the blastoderm is greatly altered. 

The most important features in it are 
represented in fig. 95. This figure shews that the median portion 
of the blastoderm has become very much thickened (thus producing 
the opacity of the primitive streak), and that this thickening is caused 





Fio. 94. Abea peIiLUCida of a 

VEBY TOUNO BLASTODBBM OF A CHICE, 
BHEWIBO THE PBOOTIVE STREAK AT ITS 
FIRST APPEABAKOE. 

pr,$. primitiye stieali:; ajp. area 
pelluoida ; area opaoa. 



Fio. 96. Transverse section through a blastoderm of about the age represented 

m FIO. 94, SHEWING the first DIFFERENTUTION OF THE PRIMITIVE STREAK. 

The section passes through about the middle of the primitive streak, pui. primitive 
streak; ep. epiblast ; hy, hypoblast; yk, yolh of the germinal wall. 

by a proliferation of rounded cells from the epiblast. In the very 
young primitive streak, of which fig. 95 is a section, the rounded 
cells are still continuous throughout with the epiblast, but they form 
nevertheless the rudiment of the greater part of a sheet of meso- 
blast, which will soon arise in this region. 
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In addition to the cells clearly derived from the epiblast, there 
are certain other cells {vide fig. 95), closely adjoining the hypoblast, 
which appear to me to be the derivatives of the cells interposed between 
the epiblast and hypoblast, which gave rise to the posterior opacity 
in the blastoderm during the previous stage. In my opinion these 
cells also have a share in forming the future mesoblast. 

The number and distribution of these cells is subject to not inconsider- 
able variations. In a fair numlier of cases they are entirely congregated 
along the line of the primitive streak, leaving the sides of the blastoderm 
quite free. They then form a layer, which can only with difficulty be 
distinguished fi*om the cells derived from the epiblast by slight peculiari- 
ties of staining, and by the presence of a considerable proportion of large 
granular cells. It is, I believe, by the study of such blastoderms that 
Kolliker has been led to deny to the intermediate cells of the previous stage 
any share in the formation of the mesoblast In otlier instances, of which 
fig- 95 is a fairly tyjiical example, they are more widely scattered. To 
follow with absolute certainty the history of these cells, and to prove that 
they join the mesoblast is not, I l)elieve, j) 088 ible by means of sections, 

and I must leave the reader to judge how 
far the evidence given in the sequel is 
sufficient to justify my opinions on this 
subject. 

In the course of further growth 
the area pellucida soon becomes pyri- 
form, the narrower extremity being the 
posterior. The primitive streak (fig. 9C) 
elongates considerably, so as to occupy 
about two-thirds of tl»e length of the 
blastoderm ; but its hinder end in 
many instances does not extend to the 

f jsterior border of the area pellucida. 

he median line of the primitive streak 
becomes marked by a shallow groove, 
known as the primitive groove. 

During tliese changes in external 
appearance there grow from the sides 
of the primitive streak two lateral 
wings of mesoblast cells, which gradu- 
ally extend till they reach the sides of 
the area pellucida (fig. 97). The meso- 
blast still remains attached to the epi- 
blast along the line of the primitive streak. During this extension 
many sections through the primitive streak give an impression of the 
mesoblast being involuteci at the lips of a fold, and so support 
the view above propounded, that the primitive streak is the rudiment 
of the coalesceci lips of the blastopore. The hypoblast below the 
primitive streak Is always quite independent of the mesoblast above, 
though much more closely attached to it in the median line than at 



FlO. 96. SCBFACE VIEW OF THE 
ABBA PELLUCIDA OP A CHICK 's BLASTO- 
DERM SHORTLY AFTER THE FORMATION 
OF XHX PBIMITITB GROOVE. 

pr. primitive streak with primi- 
tive groove ; a/. amHiotic fold. 

The darker shading round the 
immitive streak shews the exten- 
sion of the mesoblast. 
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the sides. The part of the mesoblast, which I believe to be derived 



FlO. 97. TkANBVEBSE section THItOUOB THE FRONT END OF THE PRIMITIVE 
STREAK OF A ULASTOllKRM OF THE SAME AGE AS FIQ. 96. 

primitive groove; wi. mesoblast; rp. epiblast; hy. hypoblast; yh. yolk of 
germinal wall. 

from the primitive liypobla.st, can generally be distinctly traced. In 
many cases, especially at the front end of the primitive streak, it 
forms, as in fig. 97, a distinct layer of stellate cells, quite unlike the 
rounded cells of the me.soblastic involution of the primitive streak. 

In the region in front of the primitive streak, where the first trace of 
the embryo will shortly appear, the layers at first undergo no important 
changes, except that the hypoblast becomes somewhat thicker. Soon, 
however, as shewn in longitudinal section in fig. 98. the hypoblast 
along the axial line beeome.s continuous behind with the front end of 
the primitive streak. Thus at this point, which is the future hind 



Fia. 96. Lonoitcdinai. sRcrnoN THRoron the axial lire of the fbucitivk 
ATRRAX. and the part of the RLASTOPRRM in front of IT, OF AN SMBRTO CHICK 
HOMBWHAT TOITNQKR THAN FIO. 99. 

pr.ir. primitive streak; rp. epiblast; hy* hypoblast of r^oH in front ol primitive 
streak; h. pnclei; yk* yolk of genninsl wall. 

B. K. !I. 
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FORMATIOIf OF MESOBLAST. 


end of the embryo, the mesoblast, the epiblast, and the hypoblast all 
unite together ; just as they do in all the types of Ichthyopsida. 

Shortly afterwards, at a slightly later st^e than that represented 
in fig. 96, an important change takes place in the constitution of the 
hypoblast in front of the primitive streak. The rounded cells, of which 
it is at first composed (fig. 98), break up into (1) a layer formed of a 
single row of more or less flattened elements below — the hypoblast — 
an<r(2) into a layer formed of several rows of stellate elements, between 
the hypoblast and the epiblast— the mesoblast (fig. 99). A separation 
between these two layers is at first hardly apparent, and before it has 
become at all well marked, especially in the median line, an axial 
opaque line makes its appearance in surface views, continued forwards 
from the front end of the primitive streak, but stopping short at a 



Fio. 99. TbaSSVEKSK SKCTION through the BMimTONlC REGION OF THE BLARTO- 
DERM OF A CHICK SHORTLY PRIOR TO THE FORMATION OF THE MEDULLARY GROOVE AND 
NOTOCHORD. 

m. median line of the section; ep. epiblast; /./. lower layer cells (primitive hjTXjblnst) 
not yet completely differentiated into mesoblast and hypoblast; m. nuclei of germinal 
w'all. 


semicircular fold — the future head-fold — near the front end of the 
area pellucida. In section (fig. 100) this opafjuo line is seen to be 
due to a special concentration of cells in the form of a coni. This 
coni is the commencement of the notochord (ch). In some instances 
the coinmenciilg notochord remains attached to the hypoblast, while 
the mes^>blast is laterally <{uite di.stinct (vide fig. 100), and is there- 
fore formed in the same manner as in most Ichthyopsida ; while in 
other instances, and always apparently in the Goose (Gasser, No. 127), 
the notochord appears to become differentiat(Kl in tlic alrea<ly sepa- 
rated layer of mesoblast. In all cases the notochord and the hi/poUast 
below it unite with ths front end of the primitive streak ; with which 
also the two lateral plates of mesoblast become continuous. 

From what has just been said it is clear that in the region of the 
embryo the mesoblast originates as two lateral plates split off from 
the hypoblast, and that the notochord originates as a median plate, 
simultaneously with the mesoblast, with which it may sometimes bo 
at first continuous. 

Kolliker holds that the mesoblast of the region of the muhryo is 
derived from a forward growth from the primitive streak. There is no 
tbeoretica] objection to this view, and 1 think it would be impossible to 
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shew for certain by sections whether or not there is a growth such as he 



Fio. 100. Transverse section through the embryonic region of the blabto- 

T)EBM OF A CHICK AT THE TIME OF THE FORMATION OF THE NOTOCHORD, BUT BEFORE THF 

appearance op the medullary groove. 

ep. epiblast; /ly. hypoblast ; eh. notochord; me. mesoblast; n. nuclei of the germi- 
nal wall yk. 

clescrilies ; but such sections as that represented in fig. 99 (and I have 
series of similar sections from several embryos) appear to me to lie conclu- 
sive in favour of the view that the mesoblast of the region of the embiyo 
is to a large extent derived from a differentiation of the primitive hyfioblast. 
I am however inclined to believe that some of the mesoblast cells of the 
embryonic region have the derivation which Kolliker ascril>es to all of 
them. 

As reganls the mesoblast of the primitive streak, in a purely objective 
description like that given above, the greater part of it may fairly be de- 
scrilied as l»eit)g derived from the epiblast. But if it is granted that the 
primitive streak corres|K)iids with the blastopore, it is obvious to the com- 
parative embryologist that the mesoblast derived from it really originates 
from the lips of the blastopore, as in so many other cases ; and that to 
describe it, without explanation, as arising from the P]»iblast, would give 
an erroneous impression of the real natim* of the process. 

The differentiation of tlie embryo may be said to commence with 
the formation of tlie notochord and the lateral plates of mesoblast. 
Very shortly after the formation of these structures the axial part of 
the epiblast, above the notochonl and in front of the primitive streak, 
which is somewhat thicker than the lateral parts, becomes differ- 
entiated into a distinct medullary plate, the sides of which form two 







Flo. 101. Transverse section of a blastoderm incubated for IB hours. 

The section passes through the modoUary groove me.^ at some distance behind its 
front end. 

A. epiblast. D. mesoblast. C. hypoblast. 

w.c. medullary groove; m./. medullary fold; ch. notochord. 
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GERMINAL WALL 


folds — the medullary folds — enclosing between them a medullary 
groove (fig. 101). 

In front the two medullary folds meet, while posteriorly they 
thin out and envelop between them the front end of the primitive 
streak. On the formation of the medullary folds the embryo assumes 
a form not unlike that of the embryos of many Ichthyopsida at a 
corresponding stage. The appearaiu^e of the embryo, and its relation 
to the surrounding parts is somewhat diagrammatically represented in 

fig. 102. The primitive streak now 
ends with an anterior swelling (not 
lepresented in the figure), and is 


usually somewhat unsymmetrical. 
lu most cases its axis is more 
nearly continuous with tlie left or 
.sometimes the right, medullary fold 
than with the medullary groove. 
In sectii)ij8 it.s front end appears 
ns a ridge on one side or on the 
middle ol the floor of the widenetl 
end of the medullary groove. 

l^he mesobhist and hypobh'ist, 
within the area jKillucida, do not 
gi\e rise to the whole of tliese two 
laxers in the surrouniling area 
opaoa; but the whole of the hy- 
pohla.st of the area opaea, and a 
large ))ortion of the mesobhust, and 
possibly even some of the epiblast, 
take their origin fn»m the peculiar 
material already Kp(»ken of, which 
forms the germinal wall, and is 
continnoiis with the hyi^ohlast at 



102. Si KPACK VIKW OF TIIK 
PELLUCID AREA OF A BLASTODERM OF IH 
ifOURS. 


None of the opaque area nliewn, 
the pear*»liape(1 outline indicating the 
limits of the pellucid area. 

At the hinder part of the aiea is 
seen the primitive groove pr., witli its 
nearly parallel walls, fading away lie- 
hind, but carving round and meeting 
in front so aa to form a distinct an> 
terior termination to the groove, about 
halfway up the pellucid area. 

Above the primitive groove is seen 
tluj mediiUaiy groove with the me- 
dullary folds A. These, diverging behind, 
slope away on either side of the primi- 
tive groove, while in front they curve 
round and meet each other close upon 
a curved line which Tepresents the head- 
fold. 

The second curved line in front of 
and concentric with the first Is the 
commencing fold of the amnion. 


the edge of the area o|mca (vide 
figs. 91, 94, b7. OH, (M), lOOj. 

The exact nature of this inaU^rial 
has lM*en the su})jt«ct of uiaiiy con- 
troversies. Into thewi controvomies 
it is not niy fuirjiOHe to enter, hut 
subjoined aiv the results of iny own 
examinatiiiii. The g«*nnina1 wall first 
consists, as already mentioned, of the 
lower ccdls of the thickeni^l eilge of 
the blasUidenn, and of the subjacent 
yolk inat^trial with nuedei. During 
the period before the formation of the 
primitive streak the epiblaat extemls 
itself over the yolk, partly, it appears, 
at the expense of the cells of the 
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germinal wall, and ]:)Ossibly even of cells formed around the nuclei in 
this part This mode of growth of the epiblast is very similar to that 
in the epibolic gastrulas of many Invertebrata, of the Lamprey, etc.; 
but how far this process is continued in the subsequent extension of the 
epiblast I am unable to say. Tite cells of the germinal wall, which are at 
fiist well sepanited from the yolk below, become gradually absorbed in 
the growth of tlie hypoblast, and the remaining cells and yolk then become 
mingled together, and constitute a compound structure, continuous at its 
inner bonier with the hypolilast. This structure is the gei-minal nail 
usually so described. It is mainly formed of yolk granules with numerous 
nuclei, and a somewhat variable number of largish cells imbedded amongst 
them. The nuclei typically form a special layer immediately below the 
epiblast, some of which are probaldy enclosed by a definite cell-body. A 
special mass of nuclei (nftf. figs. 98 and 100, u) is usually present at the 
junction of the hypoblast with the germinal wall. 

The g(MMninal wall at this stage corresponds in many 'respects with 
the granular material, forming a ring below the edge of the blastoderm in 
Teleostei. 

It rotiiins the characters above enunienited till near the close of the 
first day of incubation, i.e, till several inesoblastic somites have become 
established. It then Ixjcomes moi*e distinctly separated from the subjacent 
y*>lk, and its component j)arts change veiy considerably in charactiir. The 
whole w'all becomes m\mh less granular. It is then mainly formed of 
large vesicles, which often assume a palisade-like arrangement, and con- 
tain granular balls, spherules of white yolk, and in an early stage a 
good (kail of gmnular matt<T (ride fig. 115). These bodies have some 
resemblance to cells, and have been regarded as such by Kblliker (No. 135) 
ami Virchow (No, 150) : they contain Iniwever nothing which can be con- 
sidereil as a nucleus. IMwecn them however nuclei* may easily be seen 
in s{K*cimens haixleiual in picric acid, and stained wdtb haematoxylin (these 
nuclei are not shewn in fig, 115). These nuclei are about the same size 
us tho.se of tin* hyjHiblast cells, and are suiToimded by a thin layer of 
gramil.ir {irotopUvsin, which is eontinuous with a meshw’ork of granular 
protoplasm enveloping the al»ove deseribt^d vesicles. The germinal wall 
is still continuous with the hyfMiblast at its edge ; and close to the 
junction of the two the hypoblast at first forms a layer of moderately 
<*olumimr cells, one or two dtH*p and directly continuous with the g^?r- 
minal wall, and at a later ]M*ruHl usually consists of a nia.ss of rounder 
eclli lying above the somewhat abrupt inner edge of the genniiial w^all, 

'riio germinal wall certiviuly gives rise to the hyj>obhist cells, which 
inuiiily gmw at its e\[Hnise, They arise* at the edge of the area pellucida, 
an*l when first forme<l are imirktHlly columnar, and enclose in their proto- 
plasm one of the smaller vesicles of the germinal wall. 

In the later stages (fourth day and onwards) the whole g(*rminal wall 
is stated to Imnik np into cohuiiiiar hy|K)h]ast cells, each of them mainly 
formed of one of the vesicles ju.st spoken of. After the commencing 
formation of the embryo the luesoblast l>ecoines established at the inner 
edge of tho area opaca, b(*tween the germinal wall imd the e[nblast ; and 

* The presence of niimorous nuclei in the germinal wall was, I lielieve, first clearly 
proved by His (No. 13a). I (isunot however acct*pt the greater number of his interpre- 
tations. 
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FIRST FORMATION OF THE EMJiRYO. 


gires rise to the tissue which eventually foims the area vasculoea. It seems 
probable that the mesoblast in this situation is mainly derived from cells 
formed around the nuclei of the germinal wall, which are usually specially 
aggregated close below the epiblast. Disse (No. 122 ) has especially brought 
evidence in favour of this view, and my own observations also support it. 

The mesoblast ic somite^ begin to be formed in the lateral plates 
of the mesoblast before the closure of the medullary folds. The 
first somite arises close to the foremost extremity of the primitive 
streak, but the next is stated to arise in front of this, so that the first 
formed somite coiTesponds to the secorxl permanent vertebra*. The 
region of the embryo in front of the second formed somite — at 
first the largest part of the embryo — is the cephalic region. The 
somites following the second are formed in the regular manner, from 
before backwards, out of the unseginented posteiior part of the 
embryo, which rapiiUy gniw^s in length to supply the necessary 
material (fig. 103>. As the somites retain during the early stages 
of development an approximately con.stant breadth, their nnml)er 
is a fair test of tlie length of the trunk. With th^^ growth of the 
embryo the primitive streak is contiiinally carried btick, the length 
ening of the embry(» always taking place between the front end 
of the primitive streak and the last somite ; and during this process 

the primitive streak undergoes important 
changes both in itself and in its relation 
to the embryo. Its anterior thicker part, 
which is enveloped in the diverging me- 
dullary folds, soon becomes distinguished 
in structure from the part behind this, and 
placed symmetrically in relation to the 
axis of the embryo (fig. 103, a.pr), and at 
the same time the iiiediillary fold.s, which 
at first simply diverge on each side of the 
primitive streak, bend in again and meet 
Ijehind so as completely to enclose the front 
part of the primitive streak. The region of 
the embryo bird, where the medullary fidds 
diverge, is known as the sinus rhomboid- 
Fi«. 103. Dojwal VIKW OF though it has no connection wdth the 

THJE HAR 0 ENSD BLASToDERu OF similarly named structure in thea<lult. By 
A CHICK WITH FIVE MEBOBLAB- tlic time tluit ten somitcs are formed the 

wurillvT MKT “wB OF rhomboi.ialis is completely established, 

THEIR EXTENT, BUT HAVE NOT ®'^^d tho medullary groove has become cun- 
ruiTKH. verted into a tube till close up to the front 

a.jir. anterior part of the end of the siniiH. In the following stages 
the-clostire of the medullary canal extends 
Ktreak. to the sintis rliomboidalis, and the folding 
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Further inventigaticiQH in confirmaiion of thiB widely aocoptod Htateincnt are very 
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off of the hind end of the embryo from the yolk commences. Co- 
incidently with the last-named changes the siaes of the front part of 
the primitive streak become thickened, and give rise to conspicuous 
caudal swellings; in which the layers of the embryo are indis- 
tinguishably fused. The apparently hinder part of the primitive 
streak becomes, as more particularly explained in the sequel, folded 
downwards and forwards on the ventral side. 

This is a convenient place to notice remarkable appearances which 
I>re 8 ent themselves close to the junction of the neural plate and the primi- 
tive streak. These are temporary passages leading from the hinder end of 
the neural tube into the alimentary canal. They vary somewhat in different 
8 i)ecie 8 of birds, and it appears that in the same species there may be 
seveml openings of the kind, which ap]>ear one after the other and then 
close again. They were first discovered by Gasser (No. 127 ). In all cases* 
tliey hwl round the posterior cmd of the notochord, or through the point 
where the notochord falls into the primitive streak. 

Tf the primitive streak is, us I believe, formed of the lips of the blasto- 
|x»re, there car) bo but little doubt that these structures are disappearing, 
and functionless rudiments of the opening of the blastopore, and they thus 
lend support to my view as to the nature of the primitive streak. That, in 
part, they corre.‘»pond with the neurenteric canal of the Ichthyopsida is clear 
from the detailed staU'ments l>eIow. Till their relations have been more 
fidly worked out it is not possible to give a more definite explanation of 
them. 

Accoixiing to Braun (No. 120 ) three independent communications are to 
he distinguislitnl in Birds. These are best developed in the Duck. The first of 
these is a small funnel-shaped diverticulum leading from the neural gi'oove 
through the hypoblast. It is visible when eight mesoblastic somites ai*e 
present, and soon disapi>eui>i. The second, which is the only one I have 
myself investigated, is present in the embryo tluck with twenty-six meso- 
hlsistic somites, and is rejiresenttnl in the series of sections (fig. 104). The 
pass)\ge leads obliquely backwards and ventral wards from the hind end 
of the neural tulie iuto the notochord, where the latter joins the primitive 
streak (B). A narrow diverticulum from this passage is continued forwards 
for a short distance along the axLs of the notochord (A, ch). After tra- 
versing the notochord, the pjissiige is continued iuto a hyiwblastic diver- 
ticulum, which 0 |>ens ventrally into the future lumen of the alimentary 
tmct (C). Shortly behind the point where the neurenteric passage com- 
municates with the neural tube the latter structure opens dorsally, and 
a groove on the surface of the primitive streak is continued ^backwards 
from it for a short distance (C). The first part of this passage to apjxear 
is the hypoblastic diverticulum above mentioned. 

This passage does not long remain open, but after its closure, when the 
tail-end of the embryo has become fokled off from the yolk, a third passage 
is established, and leads round the end of the notochord from the closed 
medullary canal into the post-anal gut. It is shewn diagram matically in 
fig. 106, ne^ and, as may be gathered from that figure, has the same relations 
as the neurenteric canal of the Ichthyopsida. 

^ This does not appear to be the case with the anterior opening in Melopsittacus 
nndiilatus, though its relations arc not clear from Brauii’s description (No. lao). 
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In the goose a passage has been described by Gasser, 'which appears 
when about fourteen or fifteen somites are present, and lasts till twenty- 



Fio. 104. Four transtsrse sections tiikouoii the krcrexteric passage ani> 

ADJOINING PARTS IN A DUCK EMRBTO WITH TWENTT-SIZ HKHORLASTIC SOUrTKS. 

A. Section in front of the nenrenteric canal shewing a lumen in the notochord. 

B. Section through the passage from the medullary canal into the notochord. 

C. Section shewing the hyt>ohlastic o|iciiing of ihe nenrenteric canal, and the 
groove on the surface of the primitive streak, which opens in front into the medullary 
canal. 

1). Primitive streak immediately behind (he opening of the nourentcric passage. 

me. medullary canal ; fp. epiblast; hy. hypoblast; ch. notochord; pr. primitive 
streak. 

three are formed. Behind its opening the medviUary canal is continued 
back as a small diverticulum, which foIJow's the coui*8e of the primitive 
groove and is apparently formed by tbe conversion of this groove into a 
canal. It is at first open to the exterior, but soon becomes cIoschI, and then 
atrophies. 

In the chick there is a perforation on the floor of the neural canal, 
which is not so marked as those in the goow* or duck, and never results 
in a complete continuity between the neural and alimentary tracts ; but 
simply leads from the floor of the neural canal into the tissues of the 
taibs welling, and thence into a cavity in the ]K>sterior part of the noto- 
chord. The hinder diverticulum of the neural canal along the line of the 
primitive groove is, moreover, veiy considerable in the chick, and is not so 
soon obliterated as in the gcxwe. The incomplete passage in the chick 
arises when about twelve somites are present. It is regarded by Biuuu as 
equivalent to the first formed passage in the duck, but 1 very much doubt 
whether there is a very exact equivalence Ixjtw'een tbe o|K'uijjgs in different 
types, and think it more probable that they are variable reriinahts of a 
primitive neuri?nteric canal, which in the ancestors of those forms fiersis 
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through the whole period of the early development. The third passage is 
formed in the chick (KupfiTer) during the third day of incubation. In 
Melopsittacus undulatus the two first communications are stated by Braun 
(No. 1 20) to be present at the same time, the one in front of the other. 

It is probable, from the al>ove description, that the front portion of the 
primitive streak in the bird cf^rresponds with that part of the lips of the 
blastopore in Elasmobiunchii which becomes converted into the tail-swelling 
and the lining of the neuienteric canal ; while the original groove of the 
front part of the primitive streak apjiears to be converted into the posterior 
diverticulum of the neural canal. The hinder part of the primitive streak 
of th^^^ bird corresponds, in a very general way, with the part of the blasto- 
pore n^'Elasmobrancdiii, which shuts off the embryo from the edge of the 
blastO(ii|r|l^ (vie/e p. 52 ), though there is of course no genetic relation between 
the two Ht^ctui'es When the anterior part of the streak is becoming 
convei*ted into the tail-swelling, the groove of the posterior part gradually 
shallows and finally disappears. The hinder part itself atrophies from 
behind forwaixls, and in the com*8e of the folding off of the embryo from 
the yolk the part of the blastoderm where it was placed becomes folded in, so 
as to form part of the ventral wall of the enibiyo. The apparent hinder 
part of the primitive streak is therefore in reality the ventral and anterior 
part*. 

It has generally been maintsined that the primitive streak and groove 
liecome wholly converted into the dorsal |»ortion of the trunk of the embryo, 
i.s, into the jK)sterior jjart of the medullary plate and subjacent structures. 
This view appears to me untenable in itself, ami quite incompatible wnth 
the interpretation of the primitive streak given above. To shew how im- 
probable it is, apart from any theoretical coii’^idemtions, I have compiled 
two tables of the relative lengths of the primitive streak and the body of 
the embryo, measured by the number of sections made through them, in a 
seri(5s of examples from the data in Gasser’s inij[)ortant memoir (No. 127). 
In these tables each horizontal line relates to a single embryo. The 
column shews the number of somites, and the second the number of sections 
tlivougli the primitive streak. Where the primitive streak becomes divided 
into two j)arts the se^ctions through the two jau-ts are given separately : the 
left column (A) referring to the anterior |mrt of the streak ] the right 
column (P) to the |)osterior |mrt. The third column gives the number of 
sections through the embryo. The fii-st tiible is for fowl embryos, the 
second for goose embryos. 

' This nomenclature may seem a little paradoxical. But on reflection it will appear 
that so long as the embryo is sim]>ly extended on the yolk-sphere, the point where 
the ventral siurface begins has to he decided on purely morphological grounds. That 
point may fairly l>e considered to be close to the junction of the medullary plate and 
primitive streak. To use a mathematical ex]»rcs8ion the sign will change when we pass 
from the dorsal to the ventral surface, so that in strict nomenclature we ought in con- 
tinning round the egg in the same direction to sj eak of passing backwards along the 
medullary, but forwards along the primitive streak. Thus the apparent hind end of 
the primitive stioak is really the front end. and riVc verm. I have avoided using this 
nomenclature to simplify my dt'scriptiou, hut it is of the utmost importance that 
the morphological fact should Iw grasped. If any render fails to umlerstand m> iH>int. 
a rofercnce U\ fig. 62 B will, 1 trust, make evciything quite clear. The heart of 
Acipenser {ht) is there seen apparently in front of the head. It is of course really 
ventral, and its apparent position is due to the extension of the embryo on a sphere. 
The apparent front end of the heart is really the hmd end, and vice verm. 
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No. of 
Somites. 

No. of 
sections 
through 
the 

Primitive 

Streak. 

No. of 
sections 
through 
the 

Embryo. 


• 

No. of 
Somites. 

No. of 
sections 
through 
the 

Primitive 

Streak. 

No. of 
sections 
through 
the 

Embryo. 

0 

29 
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0 

10 
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0 

45 

10 
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39 
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8+ 3 = 11 
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Au inspection of these two tables shews that an actual diminution in 
the length of the primitive streiik takes place just aliout the time when the 
first somites are being foiined, but there is no ground for thinking that 
the primitive streak l>ecomes then converted into the medullary plate. 
Subsequently the primitive streak does not for a consitlerable time l)ecome 
markedly shorter, and certainly its curttiilment is not really sufficient to 
account for the increiised length of the embryo— an increase in length, 
which (with the exception of the head) takes place entirely by ad<litions at 
the hind end. At the stage with fourteen somit<^s the primitive stieak is 
still pretty long. In the later stages, as is clearly <iemoi»st rated by the 
tables, the diminution in the length of the primitive stn^ik mainly concerns 
the posterior part and not that mljoiuing the embryo. 

General hietory of the genninal layern. 

The epiblast. The epibla.st of the body of the embryo, though 
several rows of cells deep, does not become divided into two strata 
till late in embryonic life ; so that the organs of sense formed from 
the epiblast, which are tlie same as in the tyjH*s already deacrilx^d, 
are not specially formed from an inntfr ner\oiis stratum. The 
medullary canal is closed in the same manner as in Elnsinobranchii, 
the Frog, etc., by the simple conversion of an ojwn groove into a 
closed canal. The closure coinmeiues first of all in the region of the 
mid-brain, and extends rapidly hac*k wards and more slowly forwards. 
It is completed in the Fowl by about the time that twtdve nieso- 
blastic somites are formed. 

Tho ]II 680 blA 8 t« The general changes of this layer do not exhibit 
any features of special interest — the divisifui into lateral and verte- 
bral plates, etc , being nearly the same as in the lower forms. 

hypoblast* Tlie closure of the alimentary canal is eniindy 
effecte<l by a process of tucking in or folding off of the embryo from the 
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yolk-sack. The general nature of the process is seen in the diagrams 
figs. 105 and 121. The folds by which it is effected are usually dis- 
tinguished as the head-, the tail- and the lateral folds. The head-fold 
(fig. 105) is the first to appear ; and in combination with the lateral 
folds gives rise to the anterior part of the mesenteron (Z>) (including 
the oesophagus, stomach and duodenum), which by its mode of forma- 
tion clearly ends blindly in front. The tail-fold, in combination with 
the two lateral folds, gives rise to the hinder part of the alimentary 
tract, including the cloaca, which is a true part of the mesenteron. At 
the junction between the two folds there is present a circular opening 
leading into the yolk-sack, which becomes gradually narrowed as 
development proceeds. The opening is completely closed long before 
the embryo is hatched. Certain peculiarities in reference to the struc- 
ture of the tail-fold are caused by tlie formation of the allantois, and 
are described with the embryonic appendages. The stomodaeum and 
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Fl«. 10.1. PutUUMMATIC I.ON(»ITFMNAL HKt'TlO.N THUOrc.H THE AXIR OF AN EmBRYO BiRI>. 

Tho WH’tion is Bup)x>8ed to be made at a time when the head-fold has commence<l 
but the tail -fold has not yet appeared. 

F,Su. head- fold of tlio soiiiatopleurc. F.Sp, head>fold of the splanchnopleure. 

pp. pleuroi>entoneal cavity; Jm. commencing (head-) fold of the amnion ; /). ali- 
mentary tract; X.C. neural canal; Cfi. notochord ; .1. epiblast; mesoblast ; C. hy- 
poblaat. 

proctodaMun arc formed by cpiblastic invaginations. The commu- 
nication Wtween the stomoda'iim and the me.senteron is effected 
comparatively early (on the 4th day in the chick), while that between 
the proctodseum and mesenteron does not tjike place till very late 
(15th day in tlie chick). The proctotlunm gives rise to the bursa 
Fabricii, as well ixs to the anus. Although the opening of the anus is 
HO late in being formed, the proctoilieum itself is very early apparent. 
Soon after the hinder part of the primitive streak becomes tucked in 
on the ventral side of the embryo, an invagination may be noticed 
where the tail of the embryo is folded off. This gradually becomes 
deeper, and finally comes into contact with the hypoblast at the front 
(primitively the apparent liind) border of the posterior section of the 
primitive streak. An early stiige in the invagination is shewn in the 
diagram (fig. 106, «?*). It deserves to be noted that the anus lies 
some way in front of the blind end of the mesenteron, so that there 
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GEiVERAL DEVELOPMENT OF THE EMBRYO. 


is in fact a well-developed post-anal section of the gnt (fig. lOG, p.(i.g)i 

which corresponds 
with that in the 
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Fio. 106. Diaguammatic lonoititmkal sKrnoK Tnnf>r«»ii 

THE P08TKKI011 END OE AN KMIUIYO BIKD AT THE TIMK OF llIK 
FORMATION OP THE ALLANTOIS. 


Ichthyopsida. For 
a short period, as 
mentioned above 
(p. 135), a neuren- 
teric canal is pre- 
sent connecting the 
post-anal gut with 
the medullary tube 
in the duck, fowl, 
and other birds. 
On the ventral wall 
of the post-anal gut 
there are at first 


ep. epiblftst; Hp.c, spinal canal; vh. notochord; n e. two prominences, 
neureiitr) ic eaual ; hy. hypobla^tt ; post-aual ^ut ; pr. The posterior of 
remains of primitive streak folded in on the ventral side; ,i t ^ i i* 

ttL allantois; me. mesoblast; an. point where anus will b<? luusc is Kumeu oi 
formed; p.c. perivisceral cavity; am. amnion; «o. somato- part of the tail- 
pleiu-e; /rp. spIanchnopleuix5. swellins, and is 

O’ ^ 

therefore derived 


from the apparent anterior part of the primitive streak. The anterior 
is formed from what was originally the apparent po.sterior part of the 
primitive streak. The post-anal gut becomes gradually les.s and less 
prominent, and finally atrophies. 


General development of the Kmbryo. 

It will be convenient to take the Fowl a.s a type for the general 
development of the Sauropsida. 

The embryo occuiiies a fairly constant position with reference to 
the egg-shell. Its long axis is placed at right angles to that of thii 
egg, and the broad end of the egg is on the left side of the embryo. 
The general history of the embryo has already been traced ujf) to 
the formation of the first formed mesublastic somites (fig. 107). X his 
stage is usually reached at about the close of the first day. After 
this stage the embryo rapidly grovrs in length, and becomes, especially 
in front and to the sides, more and more definitely folded off from the 
yolk-sack. 

The general appearance of the embryo l)ctween the 30th and 40th 
hours of incubation is shewn in fig. 108 from the upper surface, and 
in fig. 109 from* the lower. The outlines of the embryo are far bolder 
than during the earlier stages. Fig. 109 shews the nature of the 
folding, by which the embryo is constricted off from the yolk-sack. 
The folds are complicated by the fact that the mesoblast has alreiuly 
become split into two layers — a splanchnic layer adjoining the hypo- 
blast and a somatic layer mljoiniug the epiblast — and that the body- 
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cavity between these two layers has already become pretty wide in 
the lateral parts of the body of the embryo 
and the areapellucida. The fold by which 
the embryo is constricted off from the yolk- 
sack is in consequence a double one, formed 
of two limbs or laminsR. an inner limb con- 
stituted by the splanchnopleure, and an 
outer limb by the somatopleure. The re- 
lation of these two limbs is shewn in the 
diagrammatic longitudinal section (fig. 105), 
and in the surface view (fig. 109) the 
splanchnic limb being shewm at sf and 
the somatic at^o. Between the two limbs, 
and closely adjoining the splanchnopleure. 
is seen the heart (ht). At the stage figured 
tlie head is well marked off from the trunk, 
but the first separation between the two 
regions was effected at an earlier period, 
on the appearance of the foremost somite 
(fig. 107). Very shortly after the cephalic 
region is established, and before tlie closure 
of the medullary folds, the anterior part 
of the neural canal becomes enlarged to 
form the first cerebral vesicle, from which 
two lateral diverticula — rudiments of the 
optic lobes — are almost at once given off 
(fig. 108, opv). By tlie stage figured the cephalic part of the neural 
canal has become distinctly differentiated into a fore- (/.6), a mid- <m.b) 
and a hind-brain {h.b): and the Iiind-brain is often subdivided into 
successive lobes. In the region of the hind-brain two shallow epi- 
blastic invaginations form the. nuliments of the auditory pits (aw. p). 

A section through the posterior part of the head of an embryo of 
30 hours is represented in fig. 110. The enlarged part of the neural 
tube, forming the hind-brain, is shewn at (hb). It is still connected 
with the epidennis, and at its dorsiil border an outgrowth on each 
side forming the root of the vagus nerve is present (vff). The noto- 
chord (cli) is seen below the brain, and below this again the crescentic 
foregut (al). The commeucing heart. {ht\ foi-med at this stage of 
two distinct tubes, is attached to the ventral side of the foregut. 


Fig. 107 . Dorsal view or 

THE HARDENED BlJkSTODERM OF 
A CHICK WITH FIVE MESOBLAS- 
TIC SOMITES. The medullary 
FOLDS HAVE MET FOR FART OF 
THEIR EXTENT, BUT HAVE NOT 
UNITED. 

a,pr, anterior part of the 
primitive streak; p.pr. posterior 
part of the primitive streak. 


On the dorsal side of the foregut immediately below the notochord is 
seen a amall Ixxly (x) formed as a thiokening of the hypoblast This may 
possibly be a rudiment of the subnotochordnl rod of tbe Ichthyopsida. 

In tbe trunk ffig. 108) the chief point to be noticed is the com- 
plete closure of the neural canal, though in the posterior part, where 
the open sinus rhomboidalis was situated at an earlier stage, there 
may still Im seen a dilatation of the canal (fig. 108, B.r), on each 
side of which are the tail-swellings ; while the mesoblastic somites 



142 DE7BH0PMENT DURING THE SECOND DAY, 


stop short somewhat in front of it. Underneath the neural canal may 
be seen the notochord (fig. 109, ch) extending into the head, as far as 
the base of the mid-brain. At the sides of the trunk are seen the 
mesoblastic somites (p r), the outer edges of which mark the boundary 
between the vertebrsJ and lateral plates. A fainter line can be seen 
marking off the part of the lateral plates which will become part of 
the body-wall, from that which pertains to the yolk-sack. 

During the latter half of the second day, and during the third 
day, great progress is made in the folding off of the embryo. Both 
the head- and tail-ends of the embryo become quite distinct, and 
the side-folds make such considerable progress that the embryo is 
only connected with the yolk by a broad stalk. This stalk is double, 
and consists of an inner splanchnic stalk, continuous with the walls 
of the alimentary canal, and an outer .somatic stalk, continuous with 
the body-walls of the embryo. The somatic stalk is very much wider 
than the splanchnic. (Compare fig. 121 E and F, which may be 
taken as diagrammatic longitudinal and trausvei’se sections of the 
embryo on the third day.) A change also takes place in the position 


Fio. 108. Embryo of tmk 

CHICK BETWKRM 30 AND 86 HOURS 
VIEWED FROM ABOVE AH AN OPAQUE 

OBJECT. (Chromio acid prepara- 
tion.) 

/.h. front-brain; «i.6. mid- 
brain; h,b. hind-brain; op.p. optic 
vcHicle; au,p, auditory pit; o.f, 
vitelline vein; p.r, mesoblastic 
somite ; w.f. line of junction of 
Uic meclullary folds above tlie me- 
dullary canal; «.r. sinus rbom- 
boidalis ; f. tail- fold ; p.r. remains 
of primitive groctve (not Hatisfac- 
torily represented) ; a.p, area }>el> 
lucida. 

The line to the side between 
p.r. and m.f. represents the true 
length of the embry'o. 

The fiddle-shaped outline in- 
dicates the margin of the pellucid 
area. The head, wliich reaches 
as far back as o./., is distinctly 
marked off; but neither the so- 
matopleuric nor splanchnoplouric 
fidds are shewn in the figure ; the 
latter diverge at the level of o.f., 
the former considerably iieiirer the 
front, somewhere between the 
lines m.h, and k,b. The optie 
vesicles op.r. are seen bulging out 
beneath the superficial opiblast. 
The heart lying underneath the 
opaque body cannot be seen. The 
tail-fold t is just indicated; no 
distinct lateral folds are as yet Tisible in the region midway between head and tail 
At m./. the line of jonetion between the mednHary folds is still Tisible, being lost 
forwards over the cerebral vesicles, while behind may be seen the remains of Die sinus 
rhomboidalis, j.r. 
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Fio* 109. An shbrto chick of about thirty- 

SIX HOURS YIRWED FROM BELOW AS A TRANSPARENT 
OBJECT. 

FB, the fore-brain or first cerebral yeslcle, 
projecting from the sides of which are seen the 
optic vesicles op. A definite head is now con- 
Btituted« the backward limit of the somatopleure 
fold being indicated by the faint line 8.0. Around 
the head are seen the two limbs of the amniotic 
head-fold: one, the true amnion closely en- 
veloping the head, the other, the false amnion a\ 
at some distance from it. The head is seen to 
project beyond the anterior limit of the pellucid 
area. 

The splauchnopleare fold extends as far back 
as $p. Along its diverging limbs are seen the 
conspicuous venous roots of the vitelline veins, 
uniting to form the heart /i, already, established 
by the coalescence of two lateral lialves which, 
continuing forward as the bulbus arteriosus b.a^ 
is lost in the substance of the head just in front 
of the somatopleure fold. 

liB. hind-brain; MB. mid-brain; p.v. and 
r.pl. mesoblastic somites ; ch. front end of noto- 
chord; iiu'. posterior part of notocherd; <*. panetal 
mesoblast; pi. outline of area peliucida; pv. 
primitive streak. 



of the embryo. 
Up to the third 
day it is placed 
sy mmetrical- 
ly, on the yolk, 
with its ventral 
face downwards. 
During this day 
it turns so its 
[lartially to lie 
on its left side. 
This rotation af- 
fects first the 
head (fig. Ill), 
but in the course 
of the fourth day 
gradually ex- 
tends to the rest 
of the body (fig. 
118 ). Coinci. 
dently with this 
change in posi- 
tion the whole 



Fig. 110. TB.iK8fEBSE section through THE POSTERIOR 
PART OF THE USAJ> OF AN EMBRYO CHICK OF THIRTY HOURS. 

hb. liind-braiti ; vff. vagus nerve; epiblast; eh, noto- 
chord; x. thickening of hj-pobtast (possibly a radiment of the 
Bubuotoohordal rod); al. throat; k(. heart; pp. body-cavity ; 
»o. somatic mesoblast; »/. splanclmio mesobuut; hy. hypo- 
blast. 


embryo uadergoea a ventral and aomewbat spiral flexure. 
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DEVELOPMENT DURING THE THIRD DAY. 


During the latter part of the second day and during the third day 
important changes take place in the head. One of these is the 
cranial flexure. This, which must not be confounded with the curva- 
ture of 'the body just referred to, commences by the bending down- 
wards of the front part of the head round a point which may be 
considered as the extreme end either of the notochord or of the 


alimentary canal. 


Fig. 111. Chick of the tbiiu> 

DAY (o4 HOURS) VIEWED FROM UNDER- 
NEATH AS A TBANSFABENT OBJECT. 

a\ the outer amniotio fold or false 
amnion. This is very oonspicuous 
around the head, but may also be 
seen at the tail. 

a. the true amnion, vexy closely 
enveloping the head, and here seen 
only l^tween the projections of the 
several cerebral vesicles. It may also 
be traced at the tail, t. 

In the embiyo of which this is a 
drawing the head- fold of the amnion 
reached a little farther backward than 
the reference u, but its limit cannot 
bo distinctly seen through the body 
of the embryo. 

C.H. cerebral hemisphere; F.IU 
vesicle of the third ventricle; M.IK 
mid-brain; H.B. hind-brain; Op. eye; 
Ot. auditory vesicle. 

0/r. vitelline veins forming the 
venous roots of the heart. The trunk 
on the right hand (left trunk when 
the embryo is viewed in its natural 
{Kisition from above) receives a large 
branch, shewn by dotted lines, coming 
from the anterior portion of the sinus 
terminalis. lit. the heart, now com- 
pletely twisted on itself. Ao. the 
bulbus arteriosus, the throe aortic 
arches being dimly seen strctcliiug 
from it across the throat, and uniting 
into the aorta, still more dimly seen 
as a curved dark line running along 
the body. The other curved dark line by its side, ending near the reference y, is the 
notochord ch. 

About opposite the line of reference x the aorta divides into two trunks, which 
running in the line of the somewhat opaque somites on either side, are not clearly 
seen. Their branches however, 0/.a, the vitelline arteries, are conspicuous and are 
seen to curve round the commencing side-folds. 

Pr. mesoblastic somites. 

X is placed at the ** point of divergence’* of the splanchnopleure folds. The blind 
foregnt begins here and extends about np to near y, tbe more transparent sp^ 
marked by that letter is however mainly 4^e to the presence there of investing 
mass at the base of the brain, z marks the hind limit of the splanchnopleure folds. 
The limit of the more transparent somatopleure folds cannot be seen. 

It wiU be of course understood that all the body of the embryo above the level of 
the reference x, is seen through tbe portion of the yolk-sac (vascular and pellucid area), 
whi^ has been removed with the embiyo from the egg, as well as through the doable 
amniotic fold. 

The view being from below, whatever is describc^d in the natural position as being to 
the light appears here to the left, and vice pfma. 
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The cranial flexure progresses rapidly, the front-bram being more 
and more folded down till, at the end of the third day, it is no longer 
the first vesicle or fore-brain, but the second cerebrjd vesicle or mid- 
brain, which occupies the extreme front of the long axis of the embryo. 
In fact a straight line through the long axis of the embryo would 
now pass through the mid-brain instead of, as at the begmning of 
the second day, through the fore-brain, so completely has the front 
end of the neural canal been folded over the end of the notochord. 
The commencement of this cranial flexure gives the body of an embryo 
of the third day somewhat the appearance of a chemist’s retort, the 
head of the embryo corresponding to the bulb. On the fourth day 
the flexure is still greater than on the third, but on the fifth and 
succeeding days it becomes less obvious. 

The anterior part of the fore-brain 
has now become greatly dilated, and may 
be distinguished from the posterior part 
as the unpaired rudiment of the cere- 
bral hemispheres. It soon bulges out 
laterally into two lobes, which do not 
however become separated by a median 
partition till a much later period. 

Owing to the development of the 
cerebral rudiment the posterior part of the 
fore-brain no longer occupies the front 
position (fig. Ill, and 112 FB), and ceases 
to be the conspicuous object that it was. 

Inasmuch as its walls will hereafter be 
developed into the parts surrounding the 
so-called third ventricle of the brain, it 
is known as the vesicle of the third ven- 
tricle, or the tfaalameiicephalon. 

On the summit of the thalamen- 
cephalon there may now' be seen a small 
conical projection, the nidiment of the 
pineal gland, while the centre of the floor 
is produced into a funnel-sliaped process, 
the infundibulum, which, stretching to- 
wards the extreme end of the alimentary 
canal, joins the pituitary body. 

Beyond an increase in size, which it 
shares with nearly all parts of the em- 
bryo, and the change of position which has already been referred 
to, the mid-brain undergoes no great alterations during the third day. 
Its sides will ultimately become developed into the corpora bigemina 
or optic lobes, its floor will fonn the crura cerebri, and its cavity will 
be reduced to the narrow canal known as the iter a tertio ad quartum 
ventriculum and two diverticula leading from this into the optic 
lobes. 

B. E. n. 



Fio. 112. Side view op the 
HEAD OP AE Embryo Chick op the 

THIRD DAY AS AN OPAQUE OBJECT. 
(Chromic acid preparation.) 

CH. Cerebral hemispheres ; 
FJh Vesicle of third ventricle; 
M. B. Mid-brain ; Ch. Cerebellum ; 
H.B. Medulla oblongata ; N. Na- 
sal pit: ot. auditory vesicle in the 
stage of a pit with the owning 
not yet clo^ up ; op. Optic ves- 
icle/ with L lens and ch,f, cho- 
roidal iisgure. The choroidal fis- 
sure, though formed entirely un- 
derneath the superficial epiblast, 
is distinctly risible from the out- 
side. 

1 F, The first visceral fold; 
above it is seen a slight indica- 
tion of the superior maxillary 
process. 

2, 3, 4 »econa, inira and 
fourth visceral folds, with the 
visceral clefts betw*een them. 
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DEVELOPMENT DURING THE THIRD DAT, 


In the hind-brain, or third cerebral vesicle, the roof of the part 
which lies nearest to the mid-brain, becomes during the third day 
marked ofiF from the rest by a slight constriction. This distinction, 
which becomes much more evident later on by a thickening of the 
walls and roof of the front portion, separates tne hind-brain into the 
cerebellum and the medulla oblongata (fig. 112 (76 and HB). While 
the walls of the cerebellar portion of the hind-brain become very 
much thickened as well at the roof as at the sides, the roof of the 
posterior portion or medulla oblongata thins out into a mere mem- 
brane, forming a delicate covering to the cavity of the vesicle 
(fig. 114 IV), which here becoming broad and shallow with greatly 
thickened floor and sides, is known as the fourth ventricle, subse- 
quently overhung by the largely-developed posterior portion of the 
cerebellum. 

The third day, therefore, marks the distinct differentiation of 
the brain into five distinct parts : the cerebral hemispheres,* the 
central masses round the third ventricle, the corpora bigemina, the 
cerebellum and the medulla oblongata ; the original cavity of the 
neural canal at the same time passing from its temporary division of 
three single cavities into the permanent arrangement of a series of 
connected ventricles, viz. the lateral ventricles, the third ventricle, the 
iter (with a prolongation into the optic lobe on each side), and the 
fourth ventricle. 


ra 



If JO. 118. Hkad of am EiffBBYo Chick or the fourth day 
rjMWMD AS AM OPAQVS OATECT : FBOM THE FRONT IN A, AND 
FROM THE RIDE IN B. (Chromic acid preparatioD.) 

CH. eerebtal hemispberes ; FB. vesicle of the third ven- 
tnde; Op. eyebaU; nf. naso-frontal process; M. cavity of 
moath: 8M. saperior maidllary process oi^F. 1, the first 
nseeral fold (inferior maxillary process) ; F. 2, F. 8, second 
and third visceral folds; N. nasal pit; ot. otic vesicle. 

In order to gain the view here given the neck was cat 
across between me third and fourth visceral folds* In the 
•eefion e thus made, are seen the alimentary canal at, the 
neural canal n.e., the notochord eh, the dorsal aorta A 0, and 
the vertebra] veins V. 


By the third 
day the lens of the 
eye has become 
formed by an in- 
vagination of the 
epiblast, and other 
changes in the eye 
have taken place. 
The external open- 
ing of the auditory 
pit is closed before 
the completion of 
the third day (fig. 
114, ifi); and the 
rudiments of the 
external parts of 
the organ of smell 
have become form- 
ed as small pits on 
the under surface 
of the fore-brain 
(fig. 112, Like 
the lens and the 
labyrinth of the 
ear, they are form- 
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ed as invaginations of the external epiblast : unlike them they are 
never closed up. ^ 

Durii^ the second and third days there are formed the visceral or 
branchial clefts, homologous with those of the Ichthyopsida, though 
nevOT developing branchial processes from their walls. 

Thw are however real clefts or slits passing right through the 
walls of the throat, and are placed in series on either side across the 
axis of the alimentary canal, lying not quite at right angles to that 

other, but convermng somewhat to the 
middle of the throat in front (fig. 112 and fig. 113). 


/y 
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Fia. 114. Skction throuuh thb hind brain of a Chick at the end of the 

TBIBD DAY OF XEODBATZON. 

IF. Fourth Yentriole. The section shews the very thin roof and thicker sides of 
the ventricle. Ch, Kotoohord; CV, Anterior cardinsd vein ; CC, Involuted auditory 
vedele; CC points to the end which will form the cochlear canal; RL. Beoessus 
labyrinthi (remains of passage oonnecting the vesicle with the exterior) ; hy. Hypoblast 
lining the alimentary canal ; AO.^ AOA. Aorta, and aortic arch. 

Four in number on either side, the anterior is the first to be 
formed, tbe other three following in succession. They originate as 
pouches of the hyTOblast, which meet the epiblast. At the junction 
of the epiblast ana hypoblast an absorption of the tissue is effected, 
placing the pouches in communication with the exterior. 

No sooner has a cleft been formed than its anterior border (i.e. the 
border nearer the head) becomes raisi^d into a thick lip or fold, the 
visceral or branchial fold. Each cleft has its own fold on its anterior 
border, and in addition the posterior border of the fourth or last 
visceral cleft is raised into a similar fold. There are thus five visceral 
folds U>four visceral clefts (figs. 112 and 113). The last two folds how- 
ever, and especially the last, are not nearly so thick and prominent as 
the other three, the second being the broadest and most conspicuous 

10—2 
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riSCSRAL ARCHES. 


of all. The first fold meets, or nearly meets, its fellow in the middle 
line in front, but the second falls short of reaching the middle 
line, and the third, fourth and fifth do so in an increasing degree. 
Thus in front views of the neck a triangular space with its apex 
directed towards the head is observed between the ends of the several 
folds (fiig. 113 A). 

Into this space the pleuroperitoneal cavity extends, the somato- 
pleure separating from the splanchnopleure along the ends of the folds ; 
and it is here that the aorta plunges into the mesoblast of the body. 

The history of these most important visceral folds and clefts will 
be dealt with in detail hereafter ; meanwhile I may say that in the 
chick and higher Vertebrates the first three pairs of folds are those 
which call for most notice. 

The first fold on either side, increasing rapidly in size and promi- 
nence, does not, like the others, remain single, but sends off m the 
course of the third day a branch or bud-like process from its upper 
edge (fig. 113). This branch, starting from near the outer end of the 
fold, runs forwards and upwards in front of the stomo(Ja?uin, tending 
to meet the corresponding branch from the fold on the other side, at 
a point in the middle line nearer the front of the head than the 
junction of the main folds (fig. 113 sm). The two branches do not 
quite meet, being separated by a median process, wliich at the same 
time gi*ows down from the extreme front of the head, and against 

Me. 



Fifi. 115. Tbahkvkbsk sbctiok Timorcitt thk douhal heoiok or ah Kmiiiiyo Chick or 

46 KOCHfl. 

M.C, modoilary canal ; P,v, mcaoblaatio somite ; W,d. Wolffian duct ; So, Bomato* 
plenre; S,p, Bpl^chnonleore ; p.p. plenroperitoncal cavity; oo. aorta; r. blood- 
vessels; fp. germinal wall; eh. notochord; op. jnnctkm between area opaM and area 
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which they abut (fig. 120 k). Between the main folds, which are 
directed somewhat downwards and their branches which slant up- 
wards, the somewhat lozenge-shaped stomodseum is placed, which, as 
the folds become more and more prominent, grows deeper and deeper 
(fig. 120 A). The main folds form the mandibular arch, and their 
branches the maxillary processes, and the descending process which 
helps to complete the anterior margin of the stomodaeum or oral 
cavity is called, from the parts which will be formed out of it, the 
frmto-nasal process. 

In two succeeding pairs of visceral folds, which correspond with 
the hyoid and first branchial arches of the Ichthyopsida, are de- 
veloped the parts of the hyoid bone, which will be best considered in 
connection with the development of the skull. The last two dis- 
appear in the chick without giving rise to any permanent structures. 
The external opening of the first visceral i.e. hyomandibular cleft 
becomes closed*, but the inner part of the cleft, opening into the 
mouth, gives rise to the Eustachian tube and the tympanic cavity, 
the latter being formed as a special diverticulum. 


•^P S so c 



Pio. 116. TiUNsrEAaK bkctios throvob the trvvk of a I)cck Embryo with about 

TWENTY -roiTR HEBOBLASTIO BOMITES. 

am. amnion; #o. somatoplonrc; ttj), splanchnoploure ; ird. Wolffian duct; «<. seg- 
mental tube; ea.v, cardinal vdn; m<. muscle-plate; tp.{h spinal ganglion; sp.c. spinal 
cord; ch, notochord; no, aorta; hp, hypoblast. 

a Bloldenhatier, “Dio Eutwicklung des mittleien und des ausseren Ohres.’* 
Jahrbuch^ Vol. iii. 1877. 




160 SECTIONS DURING THE SECOND AND THIRD DAY, 


Part of the membranous mandibular and hyoid arches form a wall round 
the dorsal part of the original opening of this cleft, and so give rise to the 


me 
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Fio. 117. Ssenos tbbocoh the dobbal bboion of an Eiibbto Cbicx at the end 

OF TBS THIBD DAT. 

Am. amiiion; m.p. mnsele-plate. C.V. cardinal vein. Ao. dorsal aorta. The 
section passes throng the point where the dorsal aorta is just conunencing to divide 
into two branches. Ch. notochord; W.d. Wolffian duct; W.b. commencing differen- 
tiation of the mesoblast cells to form the Wolffian body ; ep. epiblasi ; So. soma^ 
plenre; 8p. splanchnoplenre; hy. hypoblast. The section passes through the point 
where the digestive canal communicates with the yolk- sack, and is cons^uently still 
open below. 

meatus auditoiius extemus. At the bottom of this is placed the tympanic 
membrane, wliich is probably derived from the tissue which grows over the 
dorsal part of the opening of the first cleft. It is formed of an external 
epiblastic epithelium, a middle layer of mesoblast, and an internal hypo- 
blastic epithelium. 

The general nature of the changes, which take place in the 
trunk between the commencement of the second half of the second 
day and the end of the third day, is illustrated by the sections 
figs. 115, 116, 117. 

In the earliest of these sections there is not a trace of a fold** 
ing oflF of the embiyo from the yolk, and the l>ody walls are quite 
horizontal. In the second section (fig. 116), from an embryo of 
about two days, the body walls are alreMy partially inclined, and the 
splanchnoplenre is very distinctly folded inwards. There is a con- 
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Ii'iG. 118. Ehbbto Chick at the end of the fourth oat been as a transparent 

OBJECT. 

The amnion has been completely remoTed, the cut end of the somatic stalk is 
shewn at S,S. with the allantois (J/) protruding from it. 

CM. cerebral hemisphere; F.Ii. vesicle of the third ventricle with the 
pineal gland (i^w) projecting from its summit; M.D. mid-brain; Cb. cerebellum. 
IV. V. fourth ventricle; L. lens; ch.$. choroid slit. Owing to the growth of the 
optic cup the two layers of which it is composed cannot any longer be seen from 
the surface, but the retinal surface of the layer alone is visible. Cen.V. audi- 
tory vesicle; $.m. superior maxillary process; IF, 2F. eta first, second, third and 
fourth visceral arches ; V. fifth nerve sending one branch to the eye, the ophthalmic 
branch, and another to the first visceral arch; VII. seventh nerve passing to the 
second visceral arch ; O.Ph. glossopharyngeal nerve passing tow^ards the third visceral 
arch ; Pg. pneumogastric nerve passing towards the fourth visceral arch; le. investing 
mass. No attempt has been made in the figure to indicate the position of the dorsal 
wall of the throat, which cannot be easily made out in the living embiy’o; ch. noto- 
chord. The front end of this cannot be seen in the living embryo. It does not end 
however as shewn in the figure, but takes a sodden bend downwa^s and then termi- 
nates in a point. Ht. heart seen through the walls of the chest ; M.P. muscle-plates. 
IV. wing ; ILL. hind limb. Beneath the liind limb is seen the curved tail. 


Hiderable space between the notochord and the hypoblast, which 
forms the rudiment of the mesentery. 

In the third section (fig. 117) the body walls have become nearly 
vertical, the folding of the splanchnopleure is nearly wmpleted, and 
it is only for a small region that the alimentary tract is open, by the 
vitelline duct, to the yolk sack. 

These three sections further illustrate (1) the gradual differentiation 
of the mesoblastic somites (fig. 115 P.i>) into (o) the muscle-plates (figs, 
lie ma and 117 tnp), and {b) the tissue to form the vertenral bodies 
and adjacent connective tissue ; (2) the formation of a mass of tissue 
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DEVELOPMMT DURING THE FOURTH DAY. 


between the lateral plates and the mesoblastic somites (fig. 115), 
known as the intermediate cell mass, on the dorsal side of which 
the Wolfiian duct is formed, while the intermediate cell mass itself 
breaks up into the segmental tubes (fig. 116 st) and connective tissue 
of the WolflBan body. 

Various other features in the development of the vascular system, 
general mesoblast, etc., are also represented in these sections. It may 
more especially be noted that there are at first two widely separated 
dorsal aortas, which gradually approach (fig. 115 and 11(5) ; and meeting 
first of all in front finally coalesce (fig. 117 & 119) for their whole length. 

The general appearance of the embryo of the fourth day may be 
gathered from fig. 118. 

The changes which have taken place consist for the most part in 
the further development of the parts already present, and do not 
need to be specified in detail. The most important event of the day is 



Fio. 119. Sectiok tbbouoh tiik lumbar region of an Embryo Chick at thk kni» 

OF THE FOURTH HAT. 

n.e. neural canal ; p.r. poeterior root of ftpinal nerve with ganglion ; n.r. anterior 
root of ftpinal nerve; A.G C. anterior gre^' column of Kpinal cord ; A.HW, anterior 
white column of Hpinal cord jtint commencing to be formed, and not very diatutcily 
marked in the figure; M,p, muacle<plate ; ch. notochord; WJi. Wolfiian ridge. 
AM. dorsal aorta; V.c.a. poaterior cardinal vein ; W.d. Wolfiian duct; W.b. Wolfilau 
body, conaiatingof tubulea and Malpighian bodiea; g.r. germinal epitlielium ; d. ali* 
mentary canal ; M, commencing meaenter^'; SO. aomatoplcurc ; SP. 
pleitre; V. blood- veaaela; pp. plenropetitoneal cavity. 
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perhaps the formation of the limbs. They appear as ou^rowtbs 
from a slightly marked lateral ridge (fig. 119 WR), which runs on the 

A. B. 



Flo. 120. Head op a Chick from below on tbe sixth and seventh bats op 
INCUBATION. (From Huxley.) 

la. cerebral vesicleH; a. eye, in which the remains of the choroid slit can still be 
seen in K\ g. nasal pits; k. fronto-nasal process; 1. superior maxiUary proems; 
1. inferior maxillary process or first visceral arch; 2. second visceral arch; *. first 
visceral cleft. 

Ill A the cavity of the mouth is seen enclosed by the fronto-nasal process, the 
superior maxillary processes and the first pair of visceral arches. At the back of it is 
seen the ofiening leading into tlie throat. The nasal grooves leading from the 
nasal pits to the mouth are already closed over and convert^ into canals. 

In B the external opening of the mouth lias become much constricted, but it is 
still cnclosenl by the fronto-nasal process and superior maxillary processes above, and 
by the inferior maxillary processes (first pair of visceral arches) below. 

The HU|)erior maxillary processes have united with the fronto-nasal process, along 
nearly the whole length of the latter. 

level of the lower end of the muscle plates for nearly the whole 
length of the trunk. This ridge is known as the WolflSan ridge. 
The first trace of the limbs Ciin be seen towards the end of the third 
day ; and their appearance at the end of the fourth day is shewn in 
tig. 118 ir and UL, 

A section through the trunk of the embrj^o on the fourth day is 
represented in fig. 119. The section passes through the region of the 
trunk behind the vitelline duct The mesenteiy (J/) is very much 
deeper and thinner than on the previous day. The notochord has be- 
come invested by a condensed mesoblastic tissue, which will give rise 
to the vertebral column. The two dorsal aortae have now completely 
coalesced into the single dorsal aorta, and the Wolffian body has 
reached a far more complete development. 

In the course of the fifth day tlie face begins to assume a less 
embryonic character, and by the sixth and succeeding days presents 
distinctive avian characters. 

The general cliauges which take place between the sixth day and 
the time of hatching do not require to bi* specified in detail. 
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F(ETAL MEMBRANES. 


Fcetal Membranes. 

The ReptUia, Aves and Mammalia are distinguished from the 
Ichthyopi<k by the possession of certain provisional fcetal mem- 
branes, knovn as the amnion and allantois. 

As the mode of development of these membranes may be 
conveniently studied in the chick, I have selected this type for their 
detailed description. 

The AnmioiL The amnion is a peculiar sack which envelopes, 
and protects the embryo. 

At the end of the first day of incubation, when the cleavage of 
the mesoblast has somewhat advanced, there appears, a little way in 
front of the semilunar head-fold, a second fold (fig. 102, also fig. 
121, C, af and fig. 122 Am), running more or less parallel or rather 
concentric with the first and not unlike it in general appearance, 
though differing widely from it in nature. This second fold gives rise 
to the amnion, and is limited entirely to the somatopleure. Rising 
up as a semilunar fold with its concavity directed towards the 
embiyo (fig. 121 C, af), as it increases in height it is gradually 



Fio. 121. 

Fig. 121 A to N forms a series of purely diagrammstio represenUtions intro- 
daoed to l^iUte the comprehension of the manner in which the bodv of the emhiyo 
is formed, and of the Tarioos relations of the yolk-sack, amnion, and aUantois. 

In all ti is the vitelline membrane, placed, for convenience sake, at some distance 
from its contents, and represented as persisting in the later stages; in reality it is 
in direct contact with the blastoderm or yolk, and early ceases to have a separate 
esistenee. In all e in4i6atee the embiyo proper; fp the aen^ pleoro-periton^ 
i^jaee with iU estenaum between the membranes ; of the folds of the amnion ; a the 
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axnnion proper; aeotaeihe cavity bolding the liquor amnii; al the allantoie; a' the 
alimenta^ canal ; y or yt the yolk or yolk-sack. 

A, which may be considered as a vertical section taken longitudinally along Hie 
axis of the embryo, represents the relations of the parts of the egg at iiiB time 
of the first appevanoe of the head-fold, seen on the right-hand side of the embryo e. 
The blastoderm is spreading both behind (to the left hand in the figure), and in front 
(to right hand) of the head fold, its limits being indicated by the Hiadmg and 
thickening for a certmn distance of the margin of the yolk y . As yet there is no fold 
on the left side of e corresponding to the head-fold on the right. 

B is a vertical transverse section of the same period drawn for convenience sake on 
a larger scale (it should have been made flatter and less curved). It shews that 
blasMerm (vertically shaded) is extending laterally as weU as fore and in fact 
in all directions; but there are no lateral folds, and therefore no lateral limits to the 
body of the embi^ as distinguiHied from the blastoderm. 

Incidentally it shews the formation of the medull^ groove by the rising up of the 
laminiB dorsales. Beneath the section of the groove is seen the rudiment of the noto- 
chord. On either side a line indicates the cleavage of the mesoblast just commencing. 

In C, which represents a vertical longitudinal section of later date, both head-fold 
(on the right) and tail-fold (on the left) have advanced considerably. The alimentary 
canal is therefore closed in, both in front and behind, but is in the middle stUl widely open 
to the yolk y below. Though the axial parts of the embryo have become thickened by 
growth, the body- walls are still thin ; in them however is seen the cleavage of the mesoblast, 
and thedivergenoe of the somatopleure and splanchnopleure. The splanchnoplenre both at 
the head and at Uie tail is folded in to a greater extent than the somatopleure, and forms 
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F(ETAL MEMBRANES. 


the still >ffide e plan chn io stalk. At the end of the stalk, which is as yet short, it bends 
outwards again and spreads oYer the surface of the yolk. The somatopleure, folded in less 
than the splanohnopleure to form the wider somatic stalk, sooner bends round and runs 
outwards again. At a little distance from both the head and the tail it is raised up 
into a fold, a/, a/, that in front of the head being the highest. These are the amniotio 
folds. Besoendmg from either fold, it speedily joins the splanohnopleure again, and 
the two, once more united into an uncleft membrane, extend some way downwards over 
the yolk, the limit or outer margin of the opaque area not being shewn. All the apace 
between the somatopleure and the splanohnopleure is shaded with dots, op. Close to 
the body this space may be called the pleuroperitoneal cavity; but outside the body it 
runs up into either amniotic fold, and also extends some little way over the yolk. 

B represents the tail>end at about the same stage on a more enlarged scale, in order 
to illustrate the position of the allantois a\ (which was for the sake of simplicity omitted 
in C), shewn as a bud from the splanchnopleure, stretching downwards into the pleuro- 
peritoneal cavity pp. The dotted area representing as before the whole space between 
the sp^chnopleure and the somatopleure, it is evident that a way is oj»n for the 
allantois to extend from its present position into the space between the two limbs of the 
amniotic fold a/. 

E, alw a longitudinal section, represents a stage still farther advanced. Both 
• splanchnic and somatic stalks are much narrowed, especially the former, the cavity of 
the alimentary canal being now connected with the cavity of the yolk by a mere canal. 
The folds of the amnion are spreading over the top of the embryo and nearly meet. 
Each fold consists of two walls or limbs, the space l^tween wliich (dotted) is as before 
merely a part of the space between the somatopleure and splanchnopleure. Between 
these arched amniotic folds and the body of the embryo is a space not as yet entirely 
closed in. 

F represents on a different scale a transverse section of E taken through the middle 
of the splanchnic stalk. The dark ring in the body of the embryo shews the position 
of the neural canal, below which is a black sjjot, marking the notochord. On either 
side of the notochord the divergence of somatopleure and splanchnopleure is obvious, 
llie splanchnopleure, more or less thickened, is somewhat bent in towards the middle 
line, but the two sides do not unite, the alimentaiy canal being as yet open below at 
this spot; after converging somewhat they diverge again and run outwards over the 
yolk. The somatopleure, folded in to some extent to form the body-walls, soon bends 
outwards again, and is almost immediately raised up into the lateral tolds of the 
amnion «/. The continuity of the pleuroperitoneal cavity, within the body, with the 
interior of the amniotic fold, outside the body, is evident ; both cavities are dotted. 

G, which corresponds to D at a later stage, is introduced to shew the manner in 
which the all^tois, now a considerable hollow body, whose cavity is continuous with 
that of the alimentary canal, becomes directed towards tlie amniotic fold. 

In H a longitudinal, and I a transverse section of later date, great changes have 
taken place. The several folds of the amnion have met and coalesced above the body 
of the embryo. The inner limbs of the several folds have united into a single 
membrane (a), which enclot^s a spi^ {ae) round the embryo. This membrane a is the 
amnion pr<)per, and the esavity within it, t.e, between it and the embryo, is the cavity 
of the amnion containiug the lic^uor amnii. The allantois is omitted for Uie s ake of 
simplicity. 

It will be seen that the amnion a now forms in every direction the termination of 
the somatopleure; the peripheral portions of the somatopleure, the united outer or 
des^nding limbs of the folds af in C, I), F, G having been cut adrift, and now forming 
an independent continuous membrane, the serous membrane, immediately andemeaih 
the vitelline membrane. 

In I the splanchnopleure is seen converging to complete the closuro of the ali- 
mentaiy canal o' even at toe stalk (elsewhere the canal has of course long been olosed 
in), ana then spreading outwards as before over the yolk. The point at which it unites 
with toe somotopleure, marking toe extreme limit of the cleavage of the mesoblast, b 
now much nearer the lower pole of the diminished yolk. 

As a result of these several changes, a great increase in the dotted space has taken 
place. It is now prnisible to pass from the actual peritoneal cavity within the body, on 
the one hand round a great portion of the circumference of the yolk, and on the other 
hand above the amnion a, in the space between it and the serous envelope. 

Into this space the allwtoia is seen spreading in K at aL 

^ ^ splanohnopleure has eompfeiely iovestod the yolk-sack, but at too lower 
pole of toe yolk is still oontiunons with that peripheral remnant of the somatopleure 
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now called the serous membrane. In other words, cleavage of the mesoblast has been 
carried all round the yolk (y# ) except at the very lower pole. 



In M the cleavage has been carried through the pole itself; the peripheral portion 
of the splanchnopleure forms a complete investment of the yolk quite unconnect^ with 
the peripheral portion of the somatopleure, which now exists as a continuous membrane 
lining the interior of the shell. The yolk^sack (j/^) is therefore quite loose in the 
pleuroperitoneal cavity, being connected only vrith the alimentary canal (o') by a 
solid Icicle. 

liMtly, in N the yolk-sack (y«) is shewn being withdrawn into the cavity of the 
body of the embiy'o. The allantois is as before, for the sake of simplicity, omitted ; 
its pedicle would of course lie by tlie side of in tlie somatic stalk marked by the 
usu^ dotted shading. 

It mav be repeated that the above are diagrams, the various spaces being shewn 
distended whereas in many of them in the actual egg the walls have collapsed, and 
are in near juxtaposition. 

drawn backwards over the developing head of the embryo. The fold 
thus covering the head is in due time accompanied by similar folds of 
somatopleure, starting at some little distance behind the tail, and at 
some little distance from the side (fig. 121, C, D, E, F and 116 am). 
In this way the embryo becomes surrounded by a series of folds of 
thin somatopleure, which form a continuous wall all round it. All 
are drawn graducdly over the body of the embryo, and at last meet 
and completely coalesce (fig. 121, H, I and 117 -dm), all traces of 
their junction kiing removed. Beneath those united folds there is 
therefore a cavity, within which the embryo lies (fig. 121, H oe). 
This cavity is the cavity of the amnion. 

Each told is necessarily formed of two limbs, both limbs consist* 
ing of epiblast and a very thin layer of mesoblast; but in one 
limb the epiblast looks towards the embryo, while in the other it 
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looks away from it. The space between the two limbs of the fold, as 
can easily be seen in fig. 121, is really part of the space between the 
somatoplenre and splanchnopleure ; it is therefore continuous with 
the general space, part of which afterwards becomes the pleuroperi- 
toneal cavity of the body, shaded with dots in the figure and marked 
(p p)> ^hat it is possible to pass from the cavity between the 
two limbs of the amniotic folds into the cavity which surrounds 
the alimentary canal. When the several folds meet and coalesce 
together above the embryo, they unite in such a way that all their 
inner limbs unite to form a continuous inner membrane or sack, and 
all their outer limbs a similarly continuous outer membrane or sack. 
The inner membrane thus built up forms a completely closed sack 
round the body of the embryo, and is called the amniotic sack, or 
amnion proper (fig. 121, H, I, &c. a), and the fluid which it after- 
wards contains is called the amniotic fluid, or liquor antnii. The space 
between the inner and outer sack is, from the mode of its formation, 
simply a part of the general cavity found everywhere between 
somatopleure and splanchnopleure. The outer sack over the embryo 
lies close under the vitelline membrane, and the cavity between it 
and the true amnion is gradually extended over the whole yolk 
sack. 

The actual manner in which the amniotic folds meet is somewhat 
peculiar (His and Kdliiker). The head fold of the amnion is the earliest 
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Fio. 122. DlAOBiMllATtC L0N01T17D1KAL SECTION TBBODOH THE AXIS OF AN KMBItYO. 

The fteeiton is supposed to be made at a time when the head-fold has eommetioed 
but the tail'lbld has not yet appeared. 

F,So. fold of the somatopleure. F,Sp. fold of the splanchnopleure ; /). fore-gut. 

pp. pleuroperitoneal earity between somatopleure and splanchnopleure; Am, eom- 
meneing (head) fold of the amnion. For remaining reference letters vide p. 130 . 

formed, and completely covers over the head before the end of the second 
day. The side and tail folds are later in developing. The aide folds finally 
meet in the dorsal line, and their coalescence proceeds backwards from the 
head fold in a linear direction, till there is only a small opening left over 
the tail. This also becomes closed early on the third day. 



A ms. 


159 


The aUantoii^ is essentially a diverticulum of the alimentaiy 
tract into which it opens immediately in front of the anus. Its 
walls are formed of splanchnic mesoblast with blood-vessels, within 
which is a lining of hypoblast. It becomes a conspicuous object on 
the third day of incubation, but its first development takes place at 
an earlier period, and is intimately connected with the formation of 
the posterior section of the gut. 

At the time of the folding in of the hinder end of the mesenteron 
the splitting of the mesoblast into somatopleure and splanchnopleure 
has extended up to the border of the hinder division of the primitive 
streak. As has been already mentioned, the ventral wall of the 
postanal section of the alimentary tract is formed by the primitive 
streak. Immediately in front of this is the involution which forms 
the proctodsBum ; while the wall of the hindgut in front of the anus 
owes its origin to a folding in of the splanchnopleure. 

The allantois first appears as a protuberance of the splanchno- 
pleure just in front of the anus. This protuberance arises, however, 
before the splanchnopleure has begun to be tucked in so as to form 
the ventral wall of the hindgut ; and it then forms a diverticulum 
(fig. 123 A, All) the open end of which is directed forward, while its 
blind end points somewhat upwards and towards the peritoneal 
space behind the embryo. 



FlO. 128 . Two LONOITUPIXAL SBCTIONB OF THB TAIL-KNO OF AK ElfBBTO ChICK TO 
RRBW THK OmOIN OF TKR AUJkKTOtB. A AT THE BSOISMIMO OF THE THIBD DAY; B AT 
TBB MIDDLE OF THE TBIEO DAY. (After Dobryniu.) 

f . the tail ; m. the menoblast of the body, about to form the meeoblastic sotuites ; 
the roof of oc". the neural canal ; Brf. the hind end of the hindgut ; So. i^mato* 
plettre; Spl. spianohnoplenre; u. the xneeoblaat of the aplanchnopleuro carping the 
vessela of the yolk-sack; pp. pleoroperitonei^ cavity ; Df. the epi^eUnm lining the 
pleuroperitoneal cavity; All. the oommenci^ aUantois; tr. projection formed by 
anterior and posterior diviiiionB of the primitive streak; y. hypoblast which wiU form 
the ventral wall of the hindgut; v. anal invagination ; G. cloaca* 

* Fmr details on the development of the allantois the reader is referred to the works 
of Kdlliker (No. 135)* Gasser (No. 117), and for a peculiar view on the subject Kupffer 
(No. 136). In addition to these works he mity refer to Dobipiu *«Ueber die erate 
Anlage der Allantois. »» SiU. dar L Akad. Witn, Bd. U, im. B. Gasser, «r 

, etc. 
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As the hiudgat becomes folded in the allantois shifts its position, 
and fonns (figs. 123 B and 124) a rather wide vesicle lying imme- 
diately below the hind end of the digestive canal, with which it 
communicates freely by a still considerable opening ; its blind end 
projects into the pleuroperitoneal cavity below. 

Still later the allantois grows forward, and becomes a large 
spherical vesicle, still however remaining connected with the cloaca 
by a narrow canal which forms its neck or stalk (fig. 121 Q, ol). 
From the first the allantois lies in the pleuroperitoneal cavity. In 

this cavity it grows 
forwards till it 
reaches the ^nt 

splanchnopleure 

^ g turns back to en- 

^ the third day pr^ 

^rth day begins 

Pro. 124. DlAOBAMSlATlC LONOtTUDINAL BECTIOS TRB0170I1 tO BOSS OUt beVOlld 
TH* P0STEB10B END OF AN EmUBTO BiBD AT THE TIME OF - * - - J 


Pro. 124. DlAOBAMSlATlC LONOITTIDINAL BF.CT10N TRB0170I1 
THE FOSTEBIOB END OF AN EmUBTO BiBD AT THE TIME OF 
THE FOBMATION OF THE AUJ^NTOIB. 

e/). epiblast; Sp.c. spinal canal; th, notochord; n.r. chlck, along the as 
nenrenterie canal; ftp. hypoblost; p.o.ri. postanalgut; pr. yet wide space be- 
remains of primitiye streak folded in on the ventral side; tween the snianch- 
aL allantois; tm. mesoblast; on. point whore anus will be • « ^ 

formed; px, perivisceral cavity ; am, amnion; to, soraato- somatic 

plenre; tp, splanchnoplenre. stalks of the om- 

biyo, on its way to 

the sp^ between the external and internal folds of the amnion, 
which it will be remembered is directly continuous with the pleuro' 
peritoneal cavity (fig. 121 K). In this space it eventually spreads 
out over the whole body of the chick. On the first half of the fourth 
day the vesicle is still very small, and its growth is not very rapid. Its 
mesoblast wall still remains very thick. In the latter half of the day 
its growth becomes very rapid, and it forms a very conspicuous object 
in a chick of that date (fig. 118, Al). At the same time its blood- 
vessels become important. It receives its supply of bhuKl from two 
branches of the iliac arteries known as the allantoic arteries*, and the 
blood is brought back frond it by two allantoic veins which run 
along in the l^y walls (fig. 119) and after uniting into a single trunk 
&11 into the vitelline vein close behind the liver. 

Before dealing with the later history of the total membranes, it 
will be convenient to complete the history of the yolk sack. 


< I propose (o call tbese arteries and the corresponding veins the allantoic arteries 
and veins, instead of using the confdsing term ^nmhilical.' 
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YoQc-SadL The origin of the area opaca has already been de* 
scribed. It rapidly extends over the yolk underneath the vitelline 
membrane ; and is composed of epiblast and of the hypoblast of the 
germinal wall continuous with that of the area pellucida, which on the 
fourth day takes the form of a more or less complete layer of 
columnar cells Between the epiblast and hypoblast there is a layer 
of mesoblast, which does not extend as far as the two other layers. 
The yolk is completely surrounded by the seventh day. 

Towards the end of the first day blood-vessels begin to be de- 
veloped in the inner part of the mesoblast of the area opaca. Their 
development is completed on the second day ; and the region through 
which they extend is known as the area vasculosa. The area 
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Fio. 125 . DuoXAM op tbs CIKCULATION op the Yo 1 .k SaCK at tbs EKD op tbs TBIBD 

PAT op tMCCBATION. 

H, hoart ; AA. tbe sooond, third and fourth aortio arehes ; the first has booome 
obliterated in its median portion, but is eontinned at its proximal end as the external 
oarotid, and at its distal end as the intemal^'earotid ; AO. dorsal aorta; L.Of.A. left 
vitelline artery; R.Of.A. light vitelline artery; S.T. sinus terminalis; L.Of. left 
vitelline vein; ILOf. right vitelline vein; «S.r. sinus venoeus; D.C. ductus Cuvieri; 
S.Ca.V. superior cardinal vein ; V.Ca. inferior cardinal vein. The veins are marked 
in outline and the arteries are black. The whole blastoderm has been removed tern 
the cfK and is supposed to he viewed from below. Hence the left is seen on the right, 
and vm versa. 


’ Further investigations are required as to the oharaotor of this layer. 

B. K. II. 11 
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vasculosa also ^ws round the yolk, and completely encloses it 
not long after uie area opaca. The part of the blastoderm which 
thus encloses the yolk forms the yolk-sack. The splitting of the 
mesoblast gradually extends to the mesoblast of the yolk-sack, and 
eventually the somatopleure of the sack, which is continuous, it will be 
remembered, with the outer limb of the amnion, sepaiutes completely 
from the splanchnopleure ; and between the two the allantois inserts 
itself. These features are represented in fig. 121 £, K, and L. 

The circulation of the yolk-sack is most important during the 
third day of incubation. The arrangement of the vessels during that 
day is shewn in fig. 125. 

The blood leaving the body of the embryo by the vitelline 
arteries (fig. 125, R,Of.A, LX)f,A), which are branches of the dorsal 
aortSB, is carried to the small vessels and capillaries of the vascular 
area, a small portion only being appropriated by the pellucid area. 

From the vascular area part of the blood retunis directly to the 
sinus venosus by the main lateral trunks of the vitelline veins 
(-B. Of,y L. Of), and so to the heart. During the second day these 
venous trunks join the body of the embryo considerably in front of, 
that is nearer, the head than the corresponding arterial ones. Towards 
the end of the third day, owing to the continued lengthening 
of the heart, the veins and arteries run not only parallel to each 
other, but almost in the same line, the points at which they respec- 
tively join and leave the body being nearly at the same distance 
from the head. 

The rest of the blood brought by the vitelline arteries finds 
its way into the lateral portions of a venous trunk bounding 
the vascular area, which is known as the sinus terminalis, S.T., 
and there divides on each side into two streams. Of these, the two 
which, one on either side, flow backward, meet at a point about 
opposite to the tail of the embryo, and are conveyed along a distinct 
vein which, running straight forward parallel to the axis of the 
embryo, empties itself into the left vitelline vein. The two forward 
streams reaching a gap in the front part of the sinus terminalis fall 
into either one, or in some cases two veins, which run straight back- 
wards parallel to the axis of the embryo, and so reach the roots of the 
heart When one such vein only is present it joins the left vitelline 
trunk; where there are two they join the left and right vitelline 
trunks respectively. The left vein is always consiilerably larger than 
the right; and the latter when pr(»sent rapidly gets smaller and 
speedily disappears. After the third day, although the vascular area 
goes on increasing in size until it finally all but encompasses the 
yolk, the prominence of the sinus terminalis becomes less and less. 

The foBftal membranes and the yolk-sack may conveniently be 
treated of together in the description of their later changes and final 
fate. 

On the sixth and seventh days they exhibit changes of great 
importance. 
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The amnion, at its complete closure on the fourth day, very closely 
invested the body of the chick : the true cavity of the amnion was 
then therefore very small* On the fifth day fluid begins to collect in 
the cavity, and raises the membrane of the amnion to some distance 
from the embryo. The cavity becomes still larger by the sixth day, 
and on the seventh day is of very considerable dimensions, the fluid 
increasing with it On the sixth day Von Baer observed movements of 
the embryo, chiefly of the limbs ; he attributes them to the stimula* 
tion of the cold air on opening the egg. By the seventh day very 
obvious movements begin to appear in the amnion itself ; slow ver- 
micular contractions creeping rh}rthmically over it. The amnion in 
fact begins to pulsate slowly and rhythmically, and by its pulsation 
the embryo is rocked to and fro in the egg. This pulsation is pro- 
bably due to the contraction of involuntary muscular fibres, which 
seem to be present in the attenuated portion of the mesoblast, forming 
part of the amniotic fold. Similar movements are also seen in the 
allantois at a considerably later period. 

The growth of the allantois has been very rapid, and it forms a 
flattened bag, covering the right side of the embryo, and rapidly 
spreading out in all directions between the primitive folds of the 
amnion, that is, between the amnion proper and the false amnion or 
serous envelope. It is filled with fluid, so that in spite of its flattened 
form its opposite walls are distinctly separated from each other. 

The vascular area has l)ecome still further extended than on the 
fifth day, but with a corresponding loss in the definite character 
of its blood-vessels. The sinus teriuinalis has indeed by the end of 
the seventh day lost all its previous distinctness; and the vessels 
which brought back the bhxKj from it to the heart are no longer to 
be seen. 

Both the vitelline arteries and veins now pass to and from the 
iKMly of the chick as single trunks, assuming more and more the 
ap[>caranc6 of being merely branches of the mesenteric vessels. 

The yolk is still more fluid than on the previous day, and its 
bulk has (according to Von Baer) increascnl. This can only be due 
to its absorbing the white of the egg, which indeed is diminishing 
rapidly. 

During the eighth, ninth, and tenth days, the amnion does not 
undergo any very important changes. Its cavity is still filled with 
fluid, and on the eighth day its pulsiitions arc at their height, hence- 
forward diminishing in intensity. 

The splitting of the mesoblast has now" extended to the outer limit 
of tho vascular area, ue, over about three-quarters of the yolk-sack. 
The somatopleure at this point is continuous (as can be easily 
seen by reference to fig. 121) with the original outer fold of the 
amnion. It thus comes about that the further splitting of the meso- 
blast merely enlarges the cavity in wdiich the allantois lies. The 
^owth of this oigan keeps pace with that of the cavity in which 
it is placed. Spread out over the greater part of the yolk-sack as a 

11—2 
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flattened bag filled with fluid, it now serves as the chief organ of 
respiration. It is indeed very vascular and a marked difference 
may be observed between the colour of the blood in the outgoing 
and the returning vessels. 

The yolk now begins to diminish rapidly in bulk. The yolk -sack 
becomes flaccid, and on the eleventh day is thrown into a series of 
internal folds, abundantly supplied by large venous trunks. By this 
means the surface of absorption is largely increased, and the yolk is 
more and more rapidly taken up by the blood-vessels, and in a 
partially assimilated condition transferred to the body of the embryo*. 

By the eleventh day the abdominal parietes, though still much looser 
and less firm than the walls of the chest, may be said to be definitely 
established; and the loops of intestine, which have hitherto been 
hanging down into the somatic stalk, are henceforward confined 
within the cavity of the abdomen. The body of the embryo is 
therefore completed ; but it still remains connected with its various 
appendages by a narrow somatic umbilicus, in which run the stalk of 
the allantois and the solid cord suspending the yolk sack. 

The cleavage of the mesobla.^^t is still progressing, and the yolk is 
completely invested by a snlanchnopleural 8ac!k. 

The allantois meanwhile spreads out rapidly, and lies over the 
embryo close under the shell, being separated from the shell mem- 
brane by nothing more than the attenuated sercuis envelope, formed 
out of the outer primitive fold of the amnion and the remains of the 
vitelline membrane. With this membrane the allantois partially 
coalesces, and in opening an egg at the later stages of incubation, 
unless care be taken, the allantois is in danger of being tom in the 
removal of the shell-membrane. As the allantois increases in size 
and importance, the allantoic vessels are corre8[K>ndingly developed. 

On about the sixteenth day, the white having entirely disappeared, 
the cleavage of the mesoblast is carried right over the pole of the 
yolk opposite the embryo, and is thus completed (fig. 121), The yolk- 
sack now, like the allantois which closely wraps it ail round, lies loose 
in a space bounded outside the body by the serous membrane, and 
continuous with the pleuroperitoneal cavity of the body of the embryo. 
Deposits of urates now become abundant in the allantoic fluid. 

The loose and flaccid walls of the abdomen enclose a space which 
the empty intestines are far from filling, and on the nineteenth day 
the yolk-sack, diminished greatly in bulk but still of some considerable 
size, is withdrawn through the somatic stalk into the abdominal 
cavity, which it largely distends. Outside the embryo there now 
remains nothing but the highly vascular allantois and the bloodless 
serous membrane and amnion. The amnion, whose fluid during the 
later days of incubation rapidly diminishes, is continuous at the um- 
bilicus with the body-walls of the embryo. The serous membrane 
(or outer primitive amniotic fold) is, by the completion of the cleavage 

^ For details oo this enbjeet vide A. Coarfy, ^'Stmetare des Appeudiees Yitellma 
ches le Ponlei.** An. 8ei. Nai. Ber. III. Tot. ix. 1B4S. 
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of the mesoblast and the withdrawal of the yolk-sack, entirely sepa- 
rated from the embryo. The cavity of the allantois, by means of its 
stalk passing through the umbilicus, is of course continuous with the 
cloaca. 

When the chick is about to be hatched it thrusts its beak through 
the egg-membranes and begins to breathe the air contained in the 
air chamber. Tliereupon the pulmonary circulation becomes func- 
tionally active, and at the same time blood ceases to flow through the 
allantoic arteries. The allantois shrivels up, the umbilicus becomes 
completely closed, and the chick, piercing the shell at the broad end 
of the egg with repeated blows of its beak, casts off the dried re- 
mains of allantois, amuion and serous membrane, and steps out into 
the world. 
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CHAPTER IX. 


REPTILIA, 


The fonnation of the germinal layers in the Reptilia is very 
imperfectly known. The Lizard has been studied in this respect 
more completely than other types, and there are a few scattered 
observations on Turtles and Snakes. 

The ovum hfis in all Reptilia a very similar structure to that in 
Birds. Impregnadon is effected in the upper part of the oviduct, and 
the early stages of development invariably take place in the oviduct. 
A few forms are viviparous, viz. some of the blindworms amongst 
Lizards (Anguis, Seps), and some of the Viperidae and Hydrophidae 
amongst the Serpents. In the majority of cases, however, the 
eggs are laid in moist earth, sand, &c. Around the true ovum an 
egg shell (of the same general nature as that in birds, though 
usually soft), and a variable quantity of albumen, are deposited in 
the oviduct The extent to which development has proceeded in the 
oviparous forms before the eggs are laid varies greatly in different 
8j)ecie8. 

The general features of the development (for a knowledge of 
which we are mainly indebted to Rathke's l>eautiful memoirs), the 
structure of the amnion and allantois, &c. are very much the same 
as in Birds. 

The Lizards will be taken ius type of the class, and a few note- 
worthy )K)ints ill the development of other groups will be dealt with 
at the close of the (Chapter. The following description, hikeu in the 
main frtun my own observations, applies to Laa^rta muralis. 

The segmentation is mcroblastie, and similar to that in Birds. 
At its close the resulting bla.sUKleri^^ Injeomes divided into t>vo layers, 
a superficial e]>iblast formed of a single row of cells, and a layer 
lielow this several rows deep. Below this layer fresh segments 
continue for some time to be added to the blastoderm from the sub- 
jacent yolk. 

The blastoderm, which is thickened at its edge, spreads rapidly 
over the yolk. Shortly before the yolk is half enclosed a small 
embryonic shield (area pellucida) makes its appearance near the centre 
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of the blastoderm. The embryonic shield is mainly distinguished 
from the remainder of the blastoderm by the more columnar character 
of its constituent epiblast cells. It is somewhat pyriform in sham, 
the narrower end corresponding with the future posterior end of the 
embryo. At the hind end of the shield a somewhat triangular 
primitive streak is formed, consisting of epiblast continuous below 
with a great mass of rounded mesoblast cells, probably mainly formed, 
as in the bird, by a proliferation of the epiblast. To this mass of cells 
the hypoblast is also partially adherent. At the front end of the 
streak an epiblastic involution appears, which soon becomes extended 
into a passage open at both extremities, leading obliquely forwards 

through the epiblast to the space below 
the hypoblast. The walls of the passage 
A formed of a layer of columnar cells 

continuous both with epiblast and hy- 
poblast. In front of the primitive streak 
ch Ay the body of the embryo becomes first 

® differentiated by the formation of a 

medullary plate ; and at the same time 
there grows out from the primitive 
streak a layer of mesoblast, which spreads 
^ ^ out in all directions between the epi- 

C wy ^-—1^ hypoblast. In the region of tne 

i embryo the mesoblaist plate is stated by 

Kupf Fer and Benecke to be continuous 
across the middle line, but this appears 
very improbable. In a slightly later 
stage the medullary plate becomes 
^ marked by a slialiow groove, and the 

i mesoblast of the embryo is then un- 

doubtedly constituted of two lateral 
plates, one on each side of the median 
line. In the median line the notochord 
arises as a ridgedike thickening of the 
ntfp hyjiohhust, which is continued posteriorly 
into the front wall of the j^assage men- 
tioned above. 

The notochord does not long remain 
attached to the hypoblast, and the 

F.0.126. 8«crto«. TKBoooH ‘‘‘? 

*» BMii>To OF Lacbbta *010108 ettected for the greater part of the 
BKPBesBKTBo M Fio. 129 . Icogth t)f thc cmbryo by toe Rtage re- 

m.ii. n^nllaiy groove; mep. presented 10 fig. 129 . Fig. 126 rewe- 

through thi. 

thiekenina of h}7>oblMit ; eh. noto* embryo. 

chord; w. iicureiiteric auiBl(blB8. In a section (A) through the trunk 
^ embiyo a short way in front of 

into the primitive streak. the primitive streak, there is a^^ullary 






REPTILU. 


169 


plate with a shallow ^oove (rng), well-devebped mesoblastic plates 
(fnsp), already divided into somatic and splanclmic layers, and a com- 
pletely formed notochord independent of the hypoblast (hy). In the 
next section (B), taken justin front of the primitive streak, the notochord 
is attached to the hypoblast, and the medullary-groove is deeper ; while 
in the section following (C), which passes through the front border 
of the primitive streak, the notochord and hypoblast have become 
fused with the epiblast. The section behind (D) shews the neurenteric 
passage leading through the floor of the medullary groove and through 
the hypoblast {ne). On the right side the mesoblastic plate has In- 
come continuous with the walls of the passage. The last section (E) 
passes through the front part of the primitive streak behind the 
passage. The mesoblast, epiblast, and to some extent the hypoblast, 
are now fused together in the axial line, and in the middle of the 
fused mass is seen a narrow diverticulum {ne) which is probably 
equivalent to the posterior diverticulum of the neural canal in Birds 
{vide p. 136). 



FlO. 127. PlAARAMWATIC L0N01T17D1RAL BBCTIOR OF AN KMBBTO OF LaCXBTA. 
jup. body ca^ty ; am, amnion; neurenteric canal; ek. notochord; h^, hypoblast; 
ri). epiblast of the meduHarv plate ; pr. primitive streak. In the primitive streak all 
the layers are partially fused. 

The general features of tl»e stage will best be understood by an 
examination of the diagrammatic longitudinal section represented 
in fig. 127. In front Ls shewn the amnion (am), growing over 
the heatl of the embryo. The notochord {ch) is seen as an in- 
dependent cortl for the greater part of the length of the embryo, but 
falls into the hypoblast shortly in front of the neurenteric passage. 
The neurenteric passage is shewn at ne, and behind it is the front 
part of the primitive streak. 

It is interesting to notice the lemarkable relations of the notochord 
to the walls of the neurenteric passage. More or less similar relations are 
also well marked in the case of the goose and the fowl, and supjxiit the con- 
clusion, d(Hiucible from the lower forms of Vertebrata, that the notochoiHi is 
essentially hypoblastic. 

The passage at the front end of the primitive streak forms the posterior 
boundary of the medullary plate, thoiigh the medullaiy groove is not at 
first continued back to it. The anterior wall of this passage connects 
together the medullaty plate and the notochordal ridge of the hypoblast. 
In the stage re]>resented in fig. 126 and 129 the medullary groove has 
become continued back to the opening of tlie passage, which thus becomes 
enclosed in the medullary folds, and forms a true neurenteric passage'. 

^ Kupffer and Beneeke (No. 154) give a very different account from the above of 
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It will be convenient at this point to say a few words as to what 
is known of the further fate of the neurenteric canal, and the early develc^ 
ment of the allantois. According to Strahl, who has worked on Laoerta 
v^ripara, the canal gradually closes from below upwards, and is obliterated 
before the completion of the neural canal. The hind end of the aBmentary 
tract appears also to become a closed canal before this stage; 

In Lacerta muralis the history appears to be somewhat different, and 
it is more especially to be noticed that in this species the hindgut 
does not become clos^ till considerably after the completion of the neural 
canal In a stage shortly after that last described, the ueurenteric passage 
beoDmes narrower. The next stage which 1 have observed is considerably 
later. The neural canal hae become completely closed, and the dexure of 
the embiyo has already made its appearance. There is still a well ‘deve- 
loped, though somewhat slit-like, neurenteric {tassage, but fix>m the analogy 
of bhds, it is not impossible that it may have in the meantime closed up 
and opened again. It has, in any case, the same i*elations as in the previous 
stage. 

It leads from the end of the medullary canal (at the point where its 
walls are continuous with the cells of the ^iriuutive streak) round the end 
of the notochord, which here becomes continuous with the medullary coixl. 
and so through the hypoblast The latter layer is still a flat sheet without 
any lateral infolding ; but it gives rise, behind the neurenteric {Nissagp, to 
a blind posteriorly dii*ected diverticulum, placed in the Isnly cavity behind 
the embryo, and opening at tlio ventral face of the aj>j)arent hind end 
of the primitive streak. There is veiy little doubt that this diverticulum 
is the commencing allantois. 

At a somewhat later stage the arrangement of theses parts has under- 
gone some changes. Their relations are sliewu in the sections rt^presentc^d 
in fig. 128. 

The foremost section (A) jiasses through the alimentary opening of the 
neurenteric passage {ne). Above this o}>ening the section passers through 
the primitive streak (jpr) close to its junction with the walls of the 
inedullaiy canal. The hyf^blast is foldeil in laterally, but the gut is still 
open below. The amnion is completely established. In the next section 
figured (B), the fourth of niy series, the gut is completely closeil in ; and the 
mesoblast has united laterally with the axial tissue of the primitive streak. 
Vessels to supply the allantois are shewn at v. 

The three following sections aw not figured, but they present the same 
features as B, except that the primitive stn^ak gets rapidly smaller, and the 
lumen of the gut narrower. Tlie section following (C) represents, 1 lielieve, 
only the stalk of the allantoic diverticulum. This diverticulum apfiears 

the early IiscertUian development, more especially in what ooneems the so^oalled 
neurenteric pMsage. They believe this structore to be closed below, and to form 
tberefofe a blind sack op^ estemaily. The open end of tius sack they regard as the 
blastopore — an interpretation which accords with my own, but they regard the sack as 
the mdiment ot the ^lantois, and hold that it is equivalent to the invaginated arc^n- 
teroo of Amphioxns. 1 need scarcely say that 1 believe Kupffer and Beimoke to have 
made a mistake in denying the existence of the ventral opening of tills organ. Kupffer 
in a subsequent paper (Im. 1^5) states that my descriptions of the stnictare of ibis 
organ do not correspond with tbe Isct. 1 have perfect confidence in leaving the decision 
of this point to future observers, and mi^ say that my observations have already been 
folly eonfirmed by Btrahl (No. tfio), who has also add^ some observations on toe later 
sta^ to whieh 1 shall herealter have oooaskm to allnde. 
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to be formed as usual of hypoblast (hy) enTdoped by sphuichnio mesoblast 
(me), and projects into the section of the body cavity present behind the 
embryo. Its position in the body cavity is the cause of its somewhat 
peculiar appearance in the figure. Had the whole section been represented 
the allantois would have been enclosed in a space between the serous mem> 
brane {ae) and a layer of splanchnic mesoblast below which has also been 
omitted in fig. B ‘. It still points directly backwards, as it primitively does 
in the chick, vide fig. 123 A, and Gasser, No. 127 , PI. v. figs. 1 and 2. I do 
not understand the apparently double character of the lumen of the allantois. 
In the next section (not figured) the lumen of the allantoic stalk is larger, 
but still apparently double, while in the last section (D) the lumen is 
considerably enlarged and single. The neurenteric canal appears to close 
shortly after the stage last described, though its further ^tory has not 
been followed in deta^. 



FlO. 128. FoCK TSANSVKEHK SECTIOKS TUBOUGH tub BIKPER BNP OP A rOCNG 
BXBRYO OP LaCBBTA IfURALtS. 

Sections A and B pass through the whole embr^'o, while C and I) only pass through 
the fdlantots, which at this projects baolyvaxt^ into the section of body cavity 
behind the primitive streak. 

lie. neurenteric canal; pr. primitive streak; Ap. hlndgut; hy, hypoblast; pp, body 
cavity; aw. amnion; §t, serous envelope (outer limb of the amnion fold not yet 
separated from the inner limb or true amnion) ; of. allantois ; me. mesoblastio wall of 
the allantois ; r. vessels passing to the allantois. 

> Owing to the diffleuity of procuring material I have only been able to prepare the 
two sets of sections just dmwribM, and in the absence of a fuller series there are some 
points in the interpretation of the sections which must remain doubtful. 
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General development of the Embryo. 

The formation of the embryo commences with the appearance of 
the medullary plate, the sides of which 
soon grow up to form the medullary folds. 
The medullary groove is developed an- 
teriorly before any trace of it is visible 
behind. In a general way the closure of 
the groove takes place as in Birds, but 
the anterior part of the body is very early 
folded off, sinks into the yolk, and b^omes 
covered over by the amnion as by a hood 
(figs. 127 and 129). All this takes place 
before the closure of the medullary can^; 
and the changes of this part are quite 
concealed from view. 

Tlie closure of the medullary canal 
commences in the neck, and extends for- 
wards and backwards; and the whole 
region of the brain becomes closed in, 
while the groove is still largely open 
behind. 

Tlie later stages in the development of the Lacertilian embryo 
do not require a detailed description, as they present tlie closest 
analogy with those already described for Aves. The embryo soon 
turns on to its left side ; and then, becoming continuously folded off 
from the yolk, pa.sse8 through the series of changes of form with 
which the reader is already familiar. An advanced embryo is repre- 
sented in fig. 130. The early development and great length of the 
tail, which is spirally coiled on the ventral surface, is a 8{)ecial feature 
to which the attention of the reader may be called. 

Embryomc Membra^^ and Yolk-Saok. 

The early development of the cephalic portion of the amnion has 
already been alluded to. The first traces of it become apparent 
while the medullary groove is still extremely shallow. The medullary 
plate in the region of the head forms an axial strip of a thickish plate 
of epiblast. The edge of this plate coincides with the line of the am- 
iiiotic fold, and as this fold rises up the two sides of the plate become 
bent over the embiyo and give rise to the inner limb of the amnion 
or amnion proper. The section (fig. 127), representing the origin of 
the araniotic hood of the head, shews very well how the space between 
the two limbs of the amnion is continuous with the body cavity. 
The amnion veiy early completely encloses the embryo (fig. 128 A 
and B), and its external limb or serous membrane, after separating 
from the true amnion, soon approaches and fuses with the vitelline 
membrane. 

The first development of the allantois as a diverticulum of the 
hypoblast covered by splanchnic mesoblast, at the apparent posterior 



Fio. 129. Surface view of 

A YOUNO EITBRYO OF LaCKBTA 
MURALIS. 

am. amnion; pr. priflEiitiTe 
Btreak. 
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end of the primitive streak, has been described on pp. 170 — 171. The 
allantois continues for some 





time to point directly back- 
wards; but gradu^y as- 
sumes a more ventral direc- 
tion; and, as it increases 
in size, extends into the 
space between the serous 
membrane and amnion, au 

eventually to form a large, 
highly vascular, flattened 
sack immediately below the 
serous membrane. 

The TolkSack. The ft 

blastoderm spreads in the 
Lizard with veiy great ra- 
pidity over the yolk to form 
the )olk sack. The early 
appearance of the area pcl- 
lucida, or as it has been 

called by Kupffer and Be- Advanced embbyo op Lacebta Mti- 

necke the embryonic shield, ^ 

has already been noted, up state. 

Outside this a vascular /6. fore>brain; mid* brain ; c&.cerebeUain; 
area, which has the same auditory vesicle (closed); ol. olfactory pit; 

«« wid. mandible ; /*w. hyoid arch; 6r. branchial arches; 

function as in the chick, is fore-limb ; « hiid-limb. 

not long in making its ap- 
pearance. In all Keptilia the vascular channels which arise in the 
vascular area, and the vessels carrying the blood to and from the 
vascular area, are very similar to those in the chick. In the Snake 
the sinus terminalis never attains so conspicuous a development and in 


Chelonia the stage with a pair of vitelline arteries is preceded by a 
stage in which the vascular area is supplied, as it permanently is in 
many Mammals, by numerous transverse arterial trunks, coming off 
from the dorsal aorta (Agassiz, No. 164 ). The vascular area gradually 
envelopes the whole yolk, although it does so considerably more slowly 
than the general blastoderm. 

Ophiduu There is, as might have been anticipated, a vei^ 
close correspondence in general development between the Lacertilia 
and Ophidia. The embiyos of all the Amniota are, during part of 
their development, more or less spirally coiled about their long axis. 
This is well marked in the chick of the third day ; it is still more 
pronounced in the Lizard (fig. 130) ; but it reaches its maximum in 
the Snake. The whole Snake embryo has at the time when most 
coiled (Dutrochet, Rathke) somewhat the form of a Trochus. The 
ba^ of the spiral is formed by the head, while the majority of 


* Thin figure was drawn for me by Profe8«or Haddon, 
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the coils are supplied by the tail. There are in all at this stage 
seven coils, and the spiral is right-handed. 

Another point, which deserves notice in the Snake, is the absence 
in the embryo of all external trace of the limbs. It might have been 
anticipated, on the analogy of the branchial arches, that rudiments of 
the limbs would be preserved in the embryo even when limbs were 
absent in the adult. Such, however, is not the case. It is however 
very possible that rudiments of the branchial arches and clefts have 
been preserved because these structures were functional in the larva 
(Amphibia) after they ceased to have any importance in the adult ; 
and that the limbs have disappeared even in tne embryo because in 
the course of their gradual atrophy there was no advantage to the 
oiganism in their being specially preserved at any period of life *. 

Chdonia*. In their early development the Chelonia resemble, so 
far as is known, the Lacertilia. The amnion arises early, and soon 
forms a great cephalic hood. Before development has proceeded 
very far the embiyo turns over on to its left side. The tail in many 
.species attains a veiy considerable development (fig. 133). The chief 
peculiarity in the form of the embryo (figs, 131, 132, and 133) is 
caused by the development of the carapace. The first rudiment of 
the carapace appears in the form of two longitudinal folds, extending 
above the line of insertion of the fore- and hind-limbs, which have 
already made their appearance (fig. 131). Those folds are sub- 



Pio. 181 . CbVLONK MIDAR, FlUHT 8TAOF.. 

Au, auditory eapsule; br. 1 and 2 , branchial archcii; C. carapace; E, eye; /.A. 
fore-brain;/./, fore^limb; H. heart; Kb. hind-brain; hi. Kind-limb; hu. hyoid; m.h. 
mid-brain; mn., mandible; m 9 .p. maxillo-palatine ; N. noatril; ti. umbincua. 


sequently prolonged so as to mark out the area of the carapace on 
the ciors^ surface. On the surface of this area there are formed the 

' It ia very probable that in iboee Ophidia in which tracea of limba are aiill 
preseerved, that more conmenona tracee would be found in the embryoa than in the 
adulta. 

* ride Agaama (No. 164), Kupifer and Beneeke (No. 154), and Parker (No. 165), 
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horny plates (tortoise shell), and in the mesoblast below the bony 
elements of the carapace (fi^. 132 and 133). 

Immediately after hatching the yolk-saek becomes withdrawn into 
the body ; while the external part of the allantois shrivels up. 



FkK 1S2, CnElX)SR UWAR, 8KCONP STACIE. 

liOtters as in fig. 131. 



Vuh 133. ClfEWISK MinAR, THIlUl KTACIK. 
IMtors ns in fig. 181. r. rostmm. 
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MAMMALIA. 


The classical researches of Bis<‘hofl‘ on tlie embryology of several 
*fnariimalian types, as well as those of other observers, have made ns 
a(H|uainte(l wdth the g(*n<‘ral form of the embryos of the Placentalia, 
and have shewn that, except in the earliest stages of development, 
there is a close agreement lietween them. More recently Hensen, 
Seliafer, Kolliker, Van Benedim and Lieberkiihn have shed a 
large amount of light (»n the obscurer points of the earliest deve- 
|(»pmental )»eriods, esjx*eially in the rabbit. For the early stages 
the rabbit necissarily serves as type; but there are grounds for 
thinking that not iuc<msiderable variations are likely to be met 
with in other sjKJcies, and it is not at present easy to assign to 
some of the developmental features their true value. We have no 
knowledge of the early development of the Omithodelphia or Mar- 
Hupialia. 

'fhe ovum leaving the ovary is received by the fimbriated 
extremity of the Falli»pian tulx*. down \Nhicb it slowly travels. It is 
still invf^sted by the zmia radiata, and in the rabbit an albuminous 
eiivelojK? is formed aroiuid it in its passage downwards. Impreg- 
nation Uikes ])lace in the up]>er jmii of the FaIlo]>ian tube, and is 
shortly followed by the segmeutation, which is remarkable amongst 
the Aiiiniota for lx‘ing i*oniplete. 

Although this process (the details t»f which ha\e Ixeu made 
known by the brilliant re.seareluvs of Ed. van Beneden) luvs already 
In^en shortly dealt with as it occurs in the rabbit (Vol. I. p. 80) it 
will lx* convenient to <h*s(‘ribe it again with somewhat greater detail. 

The ovum first divides into two nearly equal spheres, of which 
one is slightly larger and more transparent than the other. The 
larger sphere and its products will be spoken of as the epiblastic 
gplieres, and the smaller one and its prtHluets ^ the hypoblastic 
spheresi in accordance with their difi'erent destinations. 

Both the spheres are soon divided into two, and each of the four 
so forme<l irihi two again; and thus a stage with eight spheres ensues. 

12 
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178 . THE SEGMENTATION. 

At the moment of their first separation these spheres are spherical, 
and arranged in two layers, one of them formed of the four epi- 
biastic spheres, and the other of the four hypoblastic. This position 
is not long retained, but one of the hypoblastic spheres passes to the 
centre ; and the whole ovum again takes a spherical form. 

In the next phase of segmentation each of the four epiblastic 
spheres divides into two, and the ovum thus becomes constituted of 
twelve spheres, eight epiblastic and four hypoblastic. The epiblastic 
spheres have now become markedly smaller than the hypoblastic. 

The four hypoblastic spheres next divide, giving rise, together 
with the eight epibla.stic spheres, to sixteen spheres in all; which 
are nearly uniform in size. Of the eight hypoblastic spheres four 
soon pass to the centre, while tlie eight superficial epiblastic spheres 
form a kind of cup partially enclosing the hypoblastic spheres. The 
epiblastic spheres iioav divide in their turn, giving rise to sixteen 
spheres which largely enclose the hypoblastic spheres. The seg- 
mentation of both epiblastic and hypoblastic spheres continues, and 
in the course of it the epiblastic spheres spix^ad further and further 



Fio. 134. Optical skctionb of a Rabbit’s ovcm at htaofr clobfly 

FOLLOWING UPON THE HEOHEKTATION. (AftCf K. Vttll Iknedeil.) 

epiblast; hy. primary h^']x>blaBt ; bp. Van Uenedon’B blaiito]Kirp. 

The shading of the cpiblaat and hy])oblaAt in diagramuiaitc. 

over the hypoblastic, so that at tin* do.se of segmentation tlie hypo- 
blastic spheres constitute a central scilid mass almost entirely sur- 
rounded by the epiblastic spheres. In a small circular area however 
the hypoblastic spheres renmin for some time expow^d at the surface 
(fig. 134 A). 

The whole process of segmentation is completed in the rabbit 
about seventy nours after impregnation. At its dose the cpiblasl 
cells, as Uiey may now be called, are clear, and have an irregularly 
cubical form ; while the hypoblast cells are polygonal and granular, 
and somewliat huger than toe epiblast cells. 

The opening b the epiblastic layer where the hypoblast cells are 
exposed on the surface may for convenience be called with Van 
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Beneden the blastopore, though it is highly improbable that it in 
any way corresponds with the Wastopore of other vertebrate ova\ 

After its segmentation the ovum passes into the utenis. The 
epiblast cells soon grow over the blastopore and thus form a complete 
superficial layer. A series of changes next take place which result 
in the formation of what has been called the blastodermic vesicle. 
To Ed. van Beneden we owe the fullest account of these changes; 
to Hensen and Kolliker however we are also indebted for valuable 
observations, especially on the later stages in the development of this 
vesicle. 

The succeeding changes commence with the appearance of a 
narrow cavity between the 
epiblast and hypoblast, 
which extends so as coin- 
pletely to separate these 
two layers except in the 
region adjoining the oii- 
ginal site of the blastopore 
(fig. 134 B)*. The cavity 
so formed rapidly enlarges, 
and witli it the ovum also ; 
wliich soon takes the form 
of a thin - walled vesicle 
with a large central cavity. 

This vesicle is the blasto- 
dermic vesicle. The greater 
part of its walls are formed 
of a single row of flattened 
epiblast cells; while the 
hypoblast cells form a small 
lens-shaped mass atUiched 
to the inner side of the 
epiblast cells (fig. 13o). 

In the Ve8f>ertilionidie 
Van Beneden and Julin have 
shewn that the ovum undergoes at the close of segmentation changes of 
a more or less similar nature to those in the rabbit ; the bIasto[)ore would 
however api)ear to be wider, and t4> jH*rsist even after the cavity of the 
blastodermic vesicle has commenced to be developed. 

Although by this stage, which occurs in the rabbit between 
seventy and ninety hours after impregnation, the blastodermic vesicle 

^ It 18 stated by Bisohoff that shortly after imprepiation, aiul before the oommenoe- 
ment of the segnieuiation, the ova of the rabbit and guinea-pig are covered vnth cilia 
and exhibit the phenomenon of rotation. This has not been noticed by other 
observers, 

* Van Beneden regards it as probable that the blastopore is situated somewhat 
exeentrieally in relation to the area of attachment of the hypoblastio mass to the 
epiblast. 







Fio. 135. Babuit'k ovrsi bktskkn 70—90 
Horns AFTKK iMPUEtiXATioN. (After E. van 

llonmlon ^ 

hv, cavity of blastodermic veeicle fyolk-sacK); 
ep, epiblast; hy, primitive hypoblast; Zp, nni- 
cous envelope (zona pellucida). 
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FORMATION OF THE LAYERS 


has by no means attained its greatest dimensions, it has nevertheless 
grown firom about 0*09 mm. — the size of the ovum at the close of 
Kegmentation — to about' 0 * 28 . It is enclosed by a membrane formed 
from the zona radiata and the mucous layer around it. The blas- 
todermic vesicle continues to enlarge rapidly, and during the process 
the hypoblastic mass undergoes important changes. It spreads out on 
the inner side of the epiblast and at the same time loses its lensJike 
form and becomes flattened. The central part of it remains however 
thicker, and is constituted of two rows of cells, while the peripheral 
part, the outer boundary of which is iiTegular, is formed of an 
imperfect layer of aniobboid cells which continually spread further 
and further within the epiblast. The central thickening of the 
hypoblast forms an opaque circular spot on the blastoderm, which 
constitutes the commencement of the embryonic area. 

The history of the stages immediately following, from about the 
commencement of the fifth day to the seventh day, when a primitive 
streak makes its apf)earance, is imj)erfectly undeistoo<l, and has been 
interpreted very differently by Van Beneden (No. 171) on the one 
hand and by Kolliker (184^ Raul)er (187) and Lic^berkiihn (186) on 
the other. I have myself in conjunction with my pupil, Mr Heape, 
also conducted some investigations on these stages, which have un- 
fortunately not as yet led me to a completely satisfactory recon- 
ciliation of the opposing views. 

Van Beneden states that aliont five days after impregnation the liyj>(>- 
blast cells in the embryonic area Wcome divided into two distinct strata, 
an uj)jK»r stratum of small cells a^ljoiniiig the epiblast and a low’er stratum 
of flattened cells whi«*h form the true hy|K)blaMt. At the edge of the ein- 
biyonic area the hv|»ohlast is continuous with a peripheral ring of the 
anneboid cells of the earlier stage, which now fi»rm, excej)t at the <^dgo of 
the ring, a continuous layer of flattened cxdls in contact with the epiblast. 
During the sixth day the fiatteiiecl epiblast c<dls are l>elieved by Van 
Benedeii to become columnar. The embryonic area griMlually extends 
itself, and as it does so ljecoiin*s oval. A wiitral lighter portion next 
}>ecomes apfiarent, wliich gradually spmids, till <*vontualIy the darker |iart 
of the embryonic area forms a crescent at the posterior part of the now 
somewhat pyriform embryonic area. Tlie lighter i>art is fomed of columnar 
efublast and hypoblast only, while in the darker area a layer of the ineso- 
blaat, derived from the intermediate layer of the fifth day, is also found. 
In this darker area the primitive streak originates (^arly on the seventh 
day. 

Kolliker, following th<* lines originally laid down by Rauln'r, has ar- 
rived at very diflerent results. He starts from the three- layered condition 
descrilied by Van I^neden for the fifth day, hut does not give any investi- 
gations of his own as to the origin of the middle layer. He holds the outer 
layer to be a provisional layer of protective cells, forming part of the wall of 
the original vesicle, the middle layer he n^gaitls as the tnto epiblast and 
Uie inner layer as the hypoblast. 

During the sixth day he finds that the cells of the outer layer gradually 
cease to form a continuous layer and finally diHap{)ear ; while the cells of 



MAMMALIA, 


181 


tbe middle layer become columnar, and form the columnar epiblaat pment 
in the embyoiiio ftrea at the end of the sixth day. The mesoblast tirut takes 
its origin in the region and on the formation of the primitive streak. 

The investigations of Heape and myself do not extend to the first for- 
mation of the intermediate layer found on the fifth day. We find on the 
sixth day in germinal vesicles of about 2*2 — 2*5 millimetres in diameter 
with embryonic areas of about *8 mm. that the embryonic area (fig. 136) 
is throughout composed of 

(1) A layer of fiatteiied hypoblast cells ; 

(2) A somewhat iri’egular layer of more columnar elements, in some 
places only a single row deep and in other [>laces two or more rows deep. 

(3) Flat elements on the surface, which do not, however, form a con- 
tinuous layer, and are intimately attache<l to the columnar cells below. 

Our I’esults as to the stnicture of the blastoderm at this stage closely 
corresjwnd therefore with those of Kolliker, but on one important point we 
have arrived at a different conclusion. Kiilliker states that he has never 
found the flattened elements in the act of becoming columnar. We believe 
that we have in many instances been able to trace them in the act of 
undergoing this change, and have attenif>ted to shew this in our figure. 

Our next oldest embryonic areas were somewhat pyriform measuring 
about 1*19 mm. in length and *85 in breadth. Of these we have several, 
some from a rabbit in which we also met with younger still nearly circular 
amis. All of them had a distinctly marked j>osterior oj>acity forming a com- 
mencing })rimitive streak, though decidedly less julvanced than in the blasto- 
derm repre!!3eiittHl in fig. 140. In the younger sjKJciinens the ej)iblast in fi'out 
of the primitive streak was formed of a single row* of columnar cells ^fig. 
138 A), no mesoblast was ]>reseut and the hy|x>blast foi’ined a layer of 
flattened cells. In the region immediately in front of the primitive streak, 
an irregular layer of mesoblast cells was inter[>osed between the epiblast 
and hypoblast. In the anterior jwrtof the primitive sbmik itself (tig. 138 B) 
there was a layer of mesoblast with a considerable lateral extension, while 
in the median line there was a distinct mesoblastic proliferation of epiblast 
cella In the posterior sections the lateral extensi<»n of tlie mesoblast was 
less, but the mesoblast cells formed a thicker cot*cl in the axial line. 

Owing to the unsatisfiictory clmractor of tnir data the following 
attempt to fill in the history of the fifth and sixth days must be 
regarded as tentative*. At the commencement of the fifth day the 
central thickening, of what lias been called above the primitive 
hypoblast, becomes divided into two layers : the lower of these is 
continuous with the ptjripheral hypoblast and is formed of flattened 
cells, while the upper one is formed of small rounded elements. The 
superficial epiblast again is former! of flattened cells. 

During the fifth day remarkable changes take place in the epi- 
blast of the embryonic area. It is probable that its constituent cells 

* Tl )0 attempt nia«le below to frame a conatHJUtiv© history out of the contradictory 
data at my diaponal in not entirely aatittfactoiy*. Should Kolliker’s view turn out to be 
quite correct, the origin of the tiiiddle layer of the lifth day, which Kolliker believes 
to become the permanent epiblaat, wUl have to be worked out again, in order to 
determine whether it really cornea, oa it ia stated by Van Beneden to do, from the 
primitive hypoblast. 
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iiiurease iii uumber and become one by one columnar; and that 
in the process they press against the layer of rounded elements 



Fio. 130. SiscnoN through the nearly circular embryonic area op a Babbit's 

OVUM OF SIX PAYS, NINE HOURS Slid ‘8 MM. IN DIAMETER. 

The sjctioD shews the peculiar character of the upper Iftyer with a certain number 
of snpeificial flattened cells ; and represents about half the breadth of the area. 

lielow them, so that the two layers cease to be distinguishable, and the 
wUitle embryonic area {icquirea in section the characters represented 
in fig. 1S6\ Towards the end of the sixth day the embryonic area 
becomes oval, but the changes which next take place are not under- 
stooil. In the front part of the area only two layers of cells are found, 
(I) an hypoblast, and (2) an epiblast of columnar cells proliably 
derived from the flattened epiblast cells of the earlier stages. In 
the pisterior part ol the blastoderm a middle layer is present (Van 
Beneden) in addition to the two other layers; and this layer probably 
originates from the middle layer which extended throughout the area 
at the beginning of the filth day, and then became fused with the 
epiblast. The middle layer does not give rise to the whole of the 
eventual mesolilast, but only to part ot it. Fnuii its origin it may 
be called the bypobhisiic luesoblast, and it is probably ecpiivalent to the 



A. 


B. 


Fio 137. Views or the blastodriiiiic vksiclx op a Babbit on the sevekth 
PAT without the ZONA. A. from obove, &. from the side. (From KoUiker.) 
ag. embryonic area; gf, boundary of tbc h 3 poblasi. 

1 The section figured may perhaps hardly appear to justify this view ; the exami- 
natio.i of a larger tiumlier of sections is, however, more favourable to it, but it must 
tw aiimittcd that the interpretation is by no means thoroughly satisfactoiy*. 
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hypoblastic mesoblast already described in the chick (p. 128 and 129). 
The staije just described has only been met with by Van Beneden\ 

A diagrammatic view of the whole blastodermic vesicle at about 
the beginning of the seventh day is riven in fig. 137. The em- 
bryonic area is represented in white. The line ge in B shews the 



' KOlltker docii not bcliev<» in the existence of tins 8tago, having never inet with it 
U a})]M*am to mo, lujwoveis more prohnble tliat Kolliker Las failed to obtain 
it, than that Van llenedeii has been oxtraordiiiai*y blander aa to have 

deaoribei a ataffo which had no oxiatcmoe. 
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extension of the hypoblast round the inner side of the vesicle. The 
blastodermic vesicle is therefore formed of three areas, (1) the em- 
bryonic area with three layers : this area is placed where the blasto- 
pore was originally situated. (2) The ring around the embryonic 
area where the walls of the vesicle are formed of epiblast and 
h 3 "pobJast. (3) The area beyond this again where the vesicle is 
formed of epiblast only’. 

The changes which next take place begin with the formation of 
a primitive streak, homologous with, and in most respects similar to, 
the primitive streak in Birds. The formation of the streak is pre- 
ceded by that of a clear spot near the middle of the bliistoderin, 
forming the nodal point of Hensen. This spot subse(|uently consti- 
tutes the front end of the primitive streak. 

The history of the primitive strciik was first worked out in a 
satisfactory manner by Hensen (No. 1 S 2 ), from whom however I 
differ in admitting the existence of a certain j)art of the mesoblast 
before its appearance. 

Elarly on the seventh day the embryonic area becomes pyrifonn, 
and at its {xisterior aii<l narrower end a primitive streak makes its 
appearance, whicli i^ duo to a proliferation of rminded cells from the 
epiblast. At the time when this proliferation commences the layer 
of Inpobhistic mesoblast is present, especially just in front of ami at 
the sides of, the anterior part of the streak ; but no mesrddast is 
found in the anterior part of the embrvonici itrea. These features 
are shewn in fig. 13tS A and B, The mesoldast derive<l from the 
proliferati<»n of the epiblast soon joins the inesohhust alreiidy present ; 
though in many sections it seems possible to trace a Si‘|>aration 
between the two parts (fig. 130 B) of the mesoblast. 

During the seventh day the primitive streak be<‘omes a more 
pronounced stnicture, the mesoblast in its neigh bourlaxHl iiicreiises 
in quantity, while an axial groove — the primirive groove — is fonned 
ep 


IJ 

Fl«. ise. Two TItANSVKKHK 8ECTIO.SB TllflOrOU TIIK HflUlYOXlC AKKA UE AN 
EURKTO liAilBIT OF KKVKN l>AYK. 

The embryo has nearly the atrncture reprenpiiitHl in fig. 140. 

A. in taken through the anterior part of the embiyonic area. It repreeimtH aiaiut 
half the br«;adth of the area, and there is no trace of a medullary groove or of the 

B. SM taken through the posterior part of the primitive utreak. 

<79. epiblast; fty* hypoblast. 

^ Schafer descrilies the Mastodermie veskde of the cat as being throufdtoui in a hi* 
laminar condition before the formation of a definite primitive streaJc or of the mesoblast. 
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on its upper surface* The mesoblastic layer in front of the primitive 
streak b^mes thicker, and, in the two-layered region in front, the 
epiblast becomes several rows deep (fig. 139 A). 

In the part of the embryonic area in front of the primitive streak 
there arise during the eighth day two folds bounding a shallow 
median groove, which meet in front, but 
diverge behind, and enclose between tliern 
the foremost end of the primitive streak 
(fig. 141), These folds are the medullary 
folds and they constitute the first definite 
traces of the embryo. The medullary 
plate bounded by them rapidly grows in 
length, the primitive streak always re- 
maining at its hinder end. While the 
lateral epiblast is formed of several rows 
of cells, that of the medullary plate is at 
first formed of but a single row (fig. 1 12 mff\ 

The mesoblast, whi(*h appears to grow for- 
ward from the primitive streak, is stilted 
to be at first a continuous sheet between 
the epibla>t and hypoblast (Heiisen). The 
evidence on this point does not liowever 
appw t4) me to be (|uite conclusive. In any case, as soon as ever 



OK 


Fio. 140 . EMItRVONIC AJiKA 
AN KIOHT days’ KaBBIT. 

(After Kolliker.) 

arp. embrj'ODic area; pr. 
primitive streak. 



Kiw. 141. EmiiiYONic arka ok a skvkn days’ emiikyo Babbit. (From Kolliker.) 

0 , place of fatnro area vasoulosa; r/, mfOttllary groove; pr. primitive streak; 
emUryontc area. 
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THE BLASTOPORE. 


the medullary groove is formed, the mesoblast becomes divided, exactly 
as iu Laoerta and Elasmobranchii, into two independenjb lateral plates, 
which are not continuous across the middle line (fig. 142 me). The 
hypoblast cells are flattened laterally, but become columnar beneath 
the medullaiy plate (fig. 142). 

In tracing the changes which take place in the relations of the 
layers, in passing from the region of the embryo to that of the 
{Mrimttive streak, it will be convenient to follow the acwunt given by 
Schafer for the guinea-pig (No. 190), which on this point is far fuller 
and more satisfactory than that of other observers. In doing so I 
shall leave out of consideration the fact (fully dealt with later in this 
chapter) that the layers in the guinea-pig are inverted. Fig. 143 
represents a series of sections through this part in the guinea-pig. 
The anterior section (D) passes through the medullary groove near 
its hinder end. The commencement of the primitive streak is 
marked by a slight prominence on the floor of the medullary groove 
between the two diverging medullary folds (fig. 143 C, cic). Where 
this prominence becomes first apparent tl>e epihlast and hypoblast 



Fig. 142 . Tbaksvekse hectics through an fmbryo Rabrit op eight i>aym. 
cp. epibluHt; me, meHublast; hy, h^'poblast; my, mc^dnllarr groove. 

are united together. The inesobb\.st plates at the two sides remain 
in the meantime quite free. Slightly furtlier back, but before the 
primitive groove is reached, the epiblast and bypobliLst are connected 
together by a cord of cells (fig. 143 B,/), which in the section next 
following becomes detached from tlie hyjx^blast and forms a solid 
keel projecting from the epiUast. In the follow ing section the hitherto 
independent mesoblast plates become united with this keel (fig. 
143 A); and in the jxisterior sections, through the part of the 
primitive streak with the primitive groove, the epiblast and mesoblast 
continue to be united in the axial line, bnt the hy[K)b]ast remains 
distinct. Tliese peculiar relations may shortly be de.scrilxid by raying 
that in the axial line the hypoblast Incomes united ttnih the epiblast at 
the posterior end of the embryo; and that the cells which connect the 
hypoblast and epiblast are po.sterioriy continuou.s with the fused epi- 
blast and mesoblast of the primitive streak, the hypoblast in the region 
of the primitive streak having become distinct from the other layers. 

The peculiar relations Just described, which hold also for the 
rabbit, receive their full explanation by a comparison of the Mammal 
with the Binl and the l4zaid,but before entering into tliiseomparimm, 
it will be well to describe the next stage in the rabbit, which is in 
many respects very instructive. In this stage the thickened axial 
portion of the hypoblast in the region of the embryo becomes 
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rated from the lateral parte as the notochord. Very shordy after 
the formation of the notochord, the hypoblast grows in from the 
two sides, and becomes quite 
ccmtinuoos across the middle 
tine. The formation of the 
notochord takes place from be- 
fore backwards; and at the 
hinder end of the embryo the 
notochord is continued into the 
mass of cells which forms the 
axis of the primitive streak, 
becoming therefore at this point 
continuous with the epiblast. 

The notochord in fact behaves 
exactly as did the axial hy- 
poblast in the earlier stage. 

In comparison with Lacerta 
(p. 1G8 169)it is obvious that the 
axial hypoblast and the notochord 
<lerived fiom it have exactly the 
same relations in Mammalia and 
Lacertilia. In both they are con* 
tinued at the hind end of the 
embryo into the epiblast; and 
close to where they join it, the 
uiesoblast and epiblast fuse to- 
gether to form the primitive 
streak. The difference Wtweeu 
the two ty|>e8 consists in ilte fac*t 
that in Reptilia there is formed 
a passage connecting the neural 
and alinieritary canals, the £ 1*001 
wall of which is constituted by 
the cells which form the above 
junction lietween the notochord 
and epiblast; and that in Mam- 
malia this [lassage — which is only 
a niduiieiitary structure in Kep- 
tilia — has futher been overlookinl or elsi^ is alisent. In any case the axial 
junction of the epiblast aiul byjKiblast in Mammalia is shewn by the al>ove 
comparison with Lacertilia to i*epresent the domil lip of the true verte- 
brate bla>*tO[>ore. The pi’eseneti of this blast o|>ore setuiis to render it clear 
that the blastO|>ore discovered by Kd. van Bimeden cannot have the meaning 
he assignixl to it in oom|mring it with the biasto|su*e of the frog. 

Kbtliker adduces the fact that the iiot<K'hord is continuous with the 
axial cells of the pninitive streak as an argument against its hypoblastic 
origin. The alxive comparison with Lacertilia altogether deprives thiaaigu- 
ineut of any force. 

At the stage we have now n*2Rdied the three layers are definitely 



Fio. 143. A SERIES OF TRANSVERSE SEC- 
TIONS THROCOH THE .ICXCTION OF THE PRIMITIVE 
STREAK AND MEDCLLART GROOVE OF A YOCNG 

(inxEA-pin. (After Schafer.) 

A. is the posterior section, 
r. epiblast; m. mesoblast; A. hypoblast; 
OF. axial epiblast of the primitive streak; 
ah. axial hypoblast attached in B. and C. to 
the epiblast at the rihlimeutary blastopore; 
no. medullary groove; /. rudimentary blas- 
tojKjre. 
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establUhed. The epiblast (on the view adopted above) clearly origi- 
nates from epiblastic segmentation cells. The hypoblast without 
doubt originates from the hypoblastic segmentation spheres which 
give rise to the lenticular mass within the epiblast on the appear- 
ance of the cavity of the blastodermic vesicle ; while, though the 
history of the mesoblast is still obscure, part of it appears to originate 
from the hypoblastic mass, and part is undoubtedly formed from the 
epiblast of the primitive streak. 

While these changes have been taking place the rudiments of a 
vascular area become formed, and it is very possible that part of the 
hypoblastic mesoblast passes in between the epiblast and hypoblast, 
immediately around the embryonic area, to give rise to the area 
vasculosa. From Hensens observation it seems at any rate clear 
that the mesoblast of the vascular area arises indepiuidently of the 
primitive streak : an observation which is borne out by the analogy 
of Birds. 


General growth of the Embrgo. 

We have seen that the blastodermic vesicle becomes divided at 
an early stage of development into an embrymiic area, and a non- 
erabryonic portion. The embryonic area gives rise to the whole of 
the body of the embryo, while the non-ernbryonic part, forms an ap- 
|>endage, known as the umbilical vesicle, which lx*comes gradually 
folded off from the embryo, and has precisely the relations of the 
yolk-sack of the Sauropsida. It is almost certiiin that the Placcntalia 
are descended from ancestoi-s, the embryos of which had large yolk- 
sacks, but that the yolk has bt*eoine reiluced in quantity owing to 
the nutriment received from the wall of the uUtus taking the place 
of that originally supplietl by the yolk. A rudiment of the yolk- 
sack being retained in the umbilical vesicle, this structure may Ik* 
called indifferently umbilical vesicle or yulk-siick. 

The yolk which fills the yolk -sack in Birds is roplace<l in 
Mammals by a coagulable fluid ; while the gradual extension of the 
hypoblast round the wall of the blastodermic vesicle, which has 
already been described, is of the same nature as the growth of the 
hypoblast round the yolk-sack in Birds. 

The whole ernbiyonic area would seem to be einploye«l in the 
formation of the bofJy of the embryo. Its long axis has no very 
definite relation to that of the blastodermic vesicle. The first ex- 
ternal trace of the embryo to appear is the medullary plate, boumled 
by the meilullary folds, and occupying at first the anterior half 
of the embryonic area (fig. 141). The two medullary folds diverge 
behind and enclose the front end of the primitive streak. As the 
embryo elongates, the mediiilaiy folds nearly meet behind and so 
cut off the front |Mirt]on of the primitive streak, which then appears 
as a projection m the hind end of the medullary groove. In an 
embryo rabbit, eight days after impregnation, the medullary groove 
is alKuit I'HOinm. in length. At this stage a division may be clearly 
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Been in the lateral plates of mesoblast into a vertebral zone adjoining 
the embryo and a more peripheral lateral zone ; and in the verte- 
bral zone indications of two somites, about 0*37 mm. from the hinder 
end of the embryo, become apparent. The foremost of these somites 
marks the junction, or very nearly so, of the cephalic region and 
trunk. The small size of the latter as compared with the former is 
very striking, but is characteristic of Vertebrates generally. The 
trunk gradually elongates relatively to the head, by the addition 
l)ehind of fresli somites. The embryo has not yet begun to be 
folded off from the yolk-sack. In a slightly older embryo of nine 
days there appears (Hensen, Kolliker) round the embryonic area 
a delicate clear ring which is narrower in front than behind (fig. 
144 A. ap). This ring is regarded by these authors as representing 
the peripheral part of the area pellucida of Birds, which does not 



Fin. 141. KjfBKito Raiibith or kmn nisk datr fkom thk mdk. 

(From Kolliker.) 

A. ^ timeR, and B. 21 times. 

ap, an^a ]>eUuoida; rf, medullary groove ; h\ me<lnllary plate in the region of the 
fuitire fore-brain; medullary plate in the region of the future mid-brain; rh, fore- 
brain; rtb. optie vesicle; wfi. mid-brain; /ifi. and ft'" hind-brain; wir, mesoblastic 
somite; «U, vcrU^bral none; />s. lateral none; ft.: and ft. UeaH; pk, pericardial section 
of b^y^cavity; rM>. vitsdiiiie vein; af, antniou fold. 
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become converted into the body of the embryo. Outside the area 
pelludda, an area vasculosa has become very well defined. In the 
embryo itself (fig. 144 A) the disproportion between head and trunk 
is less marked than before ; the medullary plate dilates anteriorly 
to form a spatula-shaped cephalic enlargement; and three or four 
somites are established. In the lateral parts of the mesoblast of 
the head there may be seen on each side a tube-like structure (hz). 
Each of these is part of the heart, Avhich arises as two independent 
tubes. The remains of the primitive streak {pr) are still present 
behind the medullary groove. 

In somewhat older embryos (fig. 144 B) with about eight somites, 
in which the trunk considerably exceeds the head in length, the first 
distinct traces of the folding-off of the head end of the embryo 
become apparent, and somewhat later a fold also appears at the hind 
end. In the formation of the hind end of the embryo the primitive 
streak gives rise to a tail swelling and to part of the ventral wall 
of the post-anal gut. In the region of the heail the rudiments 
of the heart (A) are far more definite. The nn^dullary groove 
is still open for its whole length, but in the Iiead it exhibits a 
series of well-marked dilatations. The foremost of these (vh) is the 
nidiment of the fore-brain, from the sides of which there project the 
two optic vesicles (ab ) ; the next is the mid-brain (m/i), and the last 
is the hind-brain (kh), which is again divi<led into smaller lobes by 
successive constrictions. The medullary groove behind the region of 
the somites dilates into an embryonic sinus rhomboidalis like that 
of the Bird. Traces of the amnion (af) are now apparent both in 
front of and behind the embryo. 

The structure of the head and the formation of the heart at this 
age are illustrated in fig. 145. The widely-open medullary groove 
(rf) is shewn in the centre. Below it the hypoblast is thickened to 
form the notochord dd ' ; and at the sides are seen the tw^o tulx?8, 
which, on the folding-in of the fore-gut, give rise to the unpaired heart. 
Each of these is formed of an outer muscular tube of splanchnic 
mesoblast (oAA), not quite closed towards the hypoblast, and an inner 
epithelioid layer (ifih) ; and is placed in a special section of the body- 
cavity (ph)f which afterwards forms the pericardial cavity. 

l^fore the ninth day is completed great external changes are 
usually effected. The medullary groove becomes closed for its whole 
length with the exception of a small posterior portion. Tlie closure 
commences, as in Birds, in the region of the mid-brain. Anteriorly 
the folding-off of the embiyo proceeds so far that the hea^l becomes 
quite free, and a considerable portion of the throat, endinj? blindly 
in front, Incomes established. In the course of this folding the, 
at first widely separated, halves of the heart are brought together, 
coalesce on the ventral side of the throat, and so give rise to a 
median undivided heart The fold at tbe tail end of the emhryo 
ptegresses considerably, and during its advance the allantois is 
formed in the same way as in Bmls. The somites increase in 
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number to about twelve. The amniotic folds nearly meet above tbe 
embryo. 



The later sta^s in tbe development proceed in the main in the 
same manner as in the Bird. The cfranial flexure soon becomes very 
marked, the mid-brain forming the end of the long axis of the embryo 
(%. 146). Tlie sense ot^ns have the usual development. Under the 
fore-brain appears an epibla.stic involution giving rise both to the 
mouth and to the pituitary Ixaly. Behind the mouth are three well- 
marked pairs of visceral arches. The first of thew is the mandibular 
arch (fig. 146 md), which meets its fellow in the middle line, and forms 
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the posterior boundary of the mouth. It sends forward on each side 
a superior maxillary process {mx) which partially forms the anterior 
margin of the mouth. Behind the mandibular arch are present a 
well-developed hyoid Qty) and a firet branchial arch (not shewn in 
fig. 146). There are four clefts, as in other Atnniota, but the fourth 
is not bounded behind by a definite arch. Only the first of these 
clefts persists as the tympanic cavity and Eustachian tube. 

At the time when the cranial flexure appears, the body also 



Fia. 146. AnvANCF.n embryo ok a Rabbit (aboct TttKi.vE i»ayh)*. 
mh, inid'bram; th. thalamenccphalon ; ce. cerebral beiniHpben^; op, eye; ir.i*. 
fonrtb Tentricle; mx. maxillary process; nul. mandibular arch; %, byoid arch; ;7. 
fore-limb; M. hind-limb; ii/n. umbilical stalk. 

develops a sharp flexure immediately behind tlu* head, which is thus 
bent forwards upon the posterior straight jiart of the body (fig. 146). 
The amount of this flexure varies somewhat in diflferent fonns. It i.s 
very marked in the dog (Bi.schoflr). At a later jieriod, and in some 
species even before the stage figureil. the tail end of the lK>dy also 
becomes bent (fig. 146), .so that tlie whole dorsal side assumes a 
convex curvature, and the head an<l tail become closely approxi- 
mated In most cases the embryo, on the tlevelopment of the tail, 
assumes a more or less definite spiral curvature (fig. 146); which 
however never becomes nearly so marked a feature as it commonly 
is in Lacertilia and Ophidia. With the more complete development 
of the lower wall of the Sody the ventral flexure partially disappears, 
but remains more or less persistent till near the close of intra-uterine 
life. The limbs are formed ^is siraph; buds in the same manner as in 
Birds. The buds of the bind-limbs are directed somewhat forwaitls, 
and those of the fore-limb backwards. 


* This ftsure was drawn for me my pnptl, Mr Wlicldon. 
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Emhryoum membranes and yolk-sack. 

The early stages in the development of the embryonic mem- 
branes are nearly the same as in Aves ; but during the later stages 
in the Placental ia the allantois enters into peculiar relations with the 
uterine walls, and the two, together with the interposed portion of the 
subzonal membrane or false amnion, give rise to a very' characteristic 
tfammalian organ — the placenta — into the structure of which it will 
be necessary to enter at some length. The embryonic membranes 
vary so considerably in the different forms that it will be advantageous 

commence with a description of tlieir development in an ideal 
case. 

We may commence with a blastodermic vesicle, closely invested by 
the delicate remnant of the zona nuliata, at the stage in which the 
medullary groove is already established. Around the embryonic area 
a layer of mesoblast would have extended for a certain distance ; so 
as to give rise to an area vasculosa, in which however the blood- 
vesscds would not have be<*ome definitely established. Such a vesicle 
is represented diagrarnmatically in fig. 147, i. Somewhat later the 
embryo begins to be folded off, first in front and then behind (fig. 
147, 2). These folds result in a constriction separating the embryo 
ami the yolk-.sack {(Is), or as it is known in Mammalian embryology, 
the umbilical vesicle. The splitting of the mesoblast into a 
splanchnic and a somatic layt‘r has bikeu place, and at the front and 
hind end of the embryo a fold (ks) of the stunatic mesoblast and 
epiblast begins to ri.sc up and gnm over the head and tail of the 
embryo. These two fold.s form the commencement of the amnion. 
The head and tiiil folds of the amnion are continued round the two 
sides of the embryo, till they meet and unite into a continuous fold. 
This fold grows gradually upwards, but before it has completely 
enveloped the embryo, the blood-vessels of the area vasculosa become 
fully developed. They are arranged in a manner not very different 
from that in the chick. 

The following is a brief account i»f their arrangement in the 
Rabbit : — 

The outer boundary of the areti, which is continually extending further 
and further round the umbilical vesicle, is marked by a venous sinus 
terminal is (fig. 147, st). The aiva i.s not, a.s in the chick, a nearlj’ com- 
plete circle, hut is in front divided by a deep indentation extending inwards 
to the level of the heart. In con8t*tpience of this indentation the sinus 
tei*minalis ends in front in two branches, which bend inw'aids and fall 
directly into the main vitelline veina The blood is brought from the 
dorsal aortse by a series of lateral vitelline arteries, and not by a single 
pair as in the chick. These arteries break up into a more deeply situated 
arterial network, from which the blood is continued partly into the sinus 
terininalis, and partly into a superficial venous network. The hinder end 
of the heart is continued into two vitelline veins, each of which divides 
into an ant<^rior and a [josterior branch. The anterior branch is a limb 

n. E. n. 13 
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PlO. 147. 1^*^ DWORAHIIATIC riOURKB ILU'hTIWTIXCi THK roHMATlOX Of lUM 

FCBTAL mexbrakkb Of K Maxmal. (From KOlliker.) 

In 1, 2, 8, 4 the embryo i» repreiiented in longitudinAl eection. 

1 Ovnm with Eona peUncida, bla«todemiic venicle, and embryonic area. 

2. Qvum with eommencing formation of nmbilical vimicle and amnion. 

S Ovnm with amnion about to close, and commencing allantois. 

4 Ovum with villoo* snbasonal membrane, larger allantoin, and mouth and anna. 

5* Ovnm in which the mcaoblaat of the allantois haa extended round the inner 
surface of the subzonal membrane and united with it to form the chorion. The cavity 
of the allantois is aborted. This flg, is a diagram of an early human ovum. 

d* aona radiata ; d'. processes of aona ; th, subzonal membrane ; ch. chorion ; 
eh a chorionic viUi; osi. amnion; k». head-fold of amnion; st.tail.fold of amnion; 

of embryo: epiblasi of non-embryonic part of the blastodermic vesicle; 
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nt. embryouic meioblast; tn'. non-entbryonic mesoblast; df. area Taacnlosa; at. ainuR 
terminalia; dd. embryonic hypoblast ; i. non-embryonio hypoblast; Itft. cavity of blas- 
todermic vesicle, the greater part of which becomes the cavity of the umbilical vesicle da. ; 
dg. stalk of umbilical vesicle ; al. allantois ; e. embryo ; r. space between chorion and 
amiiiun containing albuminous fluid; vl. ventral body wall; hh. pericardial cavity. 

of the sinus terminalis, and the posterior and smaller branch is continued 
towards the hind jiart of the sinus, near which it ends. On its way it 
receives, on its outer side, nunierous branches from the venous network, 
which connect by their anastomoses the posterior branch of the vitelline 
vein and the sinus terminalis. 

While the above changes have been taking place the whole blasto- 
ilerraic vesicle, .still enclosed in the zona, has become attached 
to the walls of the uterus. In the case of the typical uterus with 
two tubular horns, the position of each embryo, when there are 
several, is marked by a swelling in the walls of the uterus, prepa- 
ratory to the changes which take place on the formation of the 
placenta. In the region of each swelling the zona around the blasto- 
dermic vesicle is clo.sely embraced, in a ring-like fashion, by the 
epithelium of the uterine wall. The whole vesicle assumes an oval 
form, and it lies in the uterus with its two ends free. The embryonic 
area is placed close to the mesometric attachment of the uterus. In 
many ca-ses peculiar processes or villi grow out from the ovum (fig. 
Ik?, 4, Hz), which fit into the folds of the uterine epithelium. The 
nature of these processes reipiires further elucidation, but in some 
instances they ajuiear to proceed from the zona (the Rabbit) and in 
other instances from the subzonal membrane (the Dog). In any 
case the attachment between the blastodermic vesicle and the uterine 
wall becomes .so close at the time when the body of the embryo is 
first formed out of the embryonic area, that it is hardly possible to 
separate them without laceration ; and at this period — from the 8 th 
to the l)th day in the Riibbit — it requires the greatest care to remove 
the ovum from the uterus without injury. It will be understood of 
course that the attachment above described is at first purely super- 
ficial and not vascular. 

Shortly after the establishment of the circulation of the yolk-sack 
the folds of the amnion meet and coalesce above the embryo (fig. 147, 
3 and 4, am). After this the inner or true amnion becomes severed 
from the outer or false amnion, though the two sometimes remain 
connected by a narrow stalk. Between the true and false amnion is a 
continuation of the body-cavity. The true amnion consists of a layer 
of opiblastic epithelium and generally also of somatic mesbblast, 
while the false amnion consists, as a nile, of epi blast only ; though it 
is possible that in some cases (the Rabbit ?) the mesobkst may be 
continued along its inner face. 

Before the two limbs of the amnion are completely severed, the 
epiblast of the umbilical vesicle becomes separated firom the meso- 
bW and hypoblast of the vesicle (fig. 147, 3 ), and, together with the 
amnion {ah), with which it is continuous, forms a complete lining 

13—2 
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for the inner face of the zona radiata. The space between this mem- 
brane and the umbilical vesicle with the attached embryo is obviously 
continuous with the body cavity {vide figs. 147, 4 and 147*). ^lo 
this membrane Turner has given the appropriate name of subzonal 
membrane : by Von Baer it was called the serous envelope. It soon 
fuses with the zona radiata, or at any rate the zona ceases to be dis- 
tinguishable. 



FlO. 147*. I)XA«KAM OF TUK r<£TAL MEMlUtANKH OK K MaMMAL. (FfOm Tumcr.) 

Structures flitch either are or have been at an earlier i>eriod of ilevelopnieiit 
continuous with each other are represented by the same character of nhadiiiK. 

pc, zona with villi; »z. subzonal membrane; K. ef>iblaHt of embryo; nm. amnion; 
AC. amniotic cavity; M. niesoblast of embr\o; //. bypoblast of embryo; CV. 
lunbilical vesicle ; al. allantois; ALC. Hllantojc cavity. 

While the above changes are taking place* in the amnion, the 
allantois grows out from the hind-gut as a vesicK* lined by hypd>hi 8 t, 
but covered externally by a layer of Hplanclmic tm^soldast (fig. 147 3 
and 4 , 0 /)*. The allantois soon becomes a flat sack, pn»jwting into the 
now lai^eJy developed space l>etweeii the subzonal membrane and the 
amnion, on.tbe dorsal side of the embryo (fig. 147*, ALC). In some 
cases it extends so as to cover the whole inner surfact? of tlie subzonal 
membrane; in other cases again its extension is much inoix* Itriiitetl. 
Its lumen may be retaine<l or may become nearly or wholly alM>rtcd. 
A fusion takes place between the subzonal membrane ami the adjoin- 
iiig mesoblastic wall of the allantois, and the two together give rise 

^ Tlic bypoblaatic element in the allatiloifi m Mome^eM very mtteb re<1iiced, mo that 
the ailantoiM may be mainly formed of a vaMctilar layer of meiioblaMt. 
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to a secondary membrane round the ovum, known as the chorion. 
Since however the allantois does not always come in contact with 
the whole inner surface of the subzonal membrane, the term chorion 
is apt to be somewhat vague; and in the rabbit, for instance, a con- 
siderable part of the so-callecl chorion is formed by a fusion of the 
wall of the yolk-sack with the subzonal membrane (fig. 148). The 
placental region of the chorion may in such cases be distinguished as 
the true chorion, from the remaining part which will be called the 
false chorion. 

The mesoblast of the allantois, especially that part of it which 
assists in forming the chori<m, becomes highly vascular; the blood 
btdng brought to it by two allantoic arteries continued from the 
terminal bifurcation of the dorsal aorta, and retained to the body by 
one, or rarely two, allantoic veins, which join the vitelline veins from 
the yolk-sack. From the outer surface of the true chorion (fig. 147, 
5, rf, 148) villi grow out and fit into crypts or depressions which have 
in the meantime m«ade their appeanuice in the walls of the uterus*. 
The villi of the chorion are covered by an epithelium derived from the 
subzonal membrane, and are provided with a connective tissue core 
Cimtaining an artery and vein ami a capillary plexus connecting them. 
In most cases they assume a more or less arborescent form, and have 
a distrilmtion on the surfivee of the chorion varying characteristically 
in ilifferent species. The walls of the crypts into which the villi are 
fitted also become highly vascular, and a nutritive fluid passes from 
the maternal vessels of the placenta to the fieUil vessels by a process 
of ditfusion ; whihf there is probably also a secretion by the epithelial 
lining (»f the walls of the crypts, which becomes absorbed by the 
vessels of the fivtal villi. The above maternal and fietal structures 
constitute together the organ known as the placenta. The maternal 
jioriiou eon.sists essentially of the vjiscuhir crypts in the uterine walls, 
and the fcet^il portion of m(»re or less arborescent villi of the true 
chorion tilting into tln*8c or 

While the placenUi is being developed, the folding-otf of the 
embryo from the yolk-sack Ih^coiucs more complete; and the yolk- 
saek remains connected with the ileal region of the intestine by a 
narrow st4ilk, the vitelline duct (fig. 147, 4 and 5 and fig. 147*), 
consisting of the s^uncf tissues 5is the yolk-saek, viz. hypoblast and 
splanchnic mesoblast. Wliilo the true splanchnic stalk of the yolk- 
wick is iHicoining narrow, a somatic stalk connecting the amnion with 
the walls of the embryo is also fiamed, and closely envelo})s the stalk 
both of the allantois ami the \olk-sack. The somatic stalk together 
with It? contents is known as the ninbilical cord. The mesoblast 
of tile soinatopleuric layer of the cord develops into a kind of gela- 
tinous tissue, which cements together the whole of the contents. The 

' Thuiie cry|>t« liave no coiineotion with the oi)enini?8 of glands in the walls of the 
niertiH. Th<»y aro lielieved by Ereolani to Ik* formed to a large extent by a regene- 
ration of the liiiitig tiHsuo of tlu* uterine walU. 
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allantoic arteries in tbe cord wind in a spiral manner round the 
allantoic vein. The yolk-sack in many cases atrophies completely 
before the close of intra-uterine life, but in other cases it is only 
removed with the other embryonic membranes at birth. The intra- 
embryonic portion of the allantoic stalk gives rise to two structures, 
viz. to (1) the urinary bladder formed by a dilatation of its proximal 
extremity, and to (2) a cord known iis the urachus connecting the 
bladder with the wall of the body at the umbilicus. The urachus, 
in cases where the cavity of the allantois persists till birth, remains as 
an open passage connecting the intm- and extra-embryonic parts of 
the allantois. In other cases it gradually closes, and becomes nearly 
solid before birth, though a delicate but intemiptc^d lumen would 
appear to persist in -it It eventually gives rise to the ligamentum 
vesicte medium. 

At birth the foetal membranes, including the fetal portion of the 
placenta, are shed; but in many forms the interlocking of the fetal 
villi with the uterine crypts is so close that the uterine mucous mem- 
brane is carried away with the fetal j>ai*t of the placenta. It thus 
comes about that iii some placenta* the maternal and fietal parts 
simply sejmnite from each other at birth, and in others the two 
remain intimately locked togethi*r, and both art* shed together as 
the after-birth. These two forms of placenta are distinguished as 
non-deciduate and deciduate, but it has been shewn by Ercolani and 
Turner that no shaqi line can be drawn lK*lween the tw^o tyjies ; 
moreover, a larger part ot the uterine iiiuc<ui.s membrant? than that 
f(»niiing the maternal part of the placenta is often shed in the 
deciduate Mammalia, and in the non-deciduate Mammalia it is pro- 
bable that the mucous membrane (not including vascular parts) of 
the maternal pbicenta either peels or is abs<»rlH*d. 

CumjKirative luHtory of the Mainm dian fuial itieuibraues. 

Two groups of Mammalia — the Mon(»tremaUi and the Maisupialia 
— are believed not to be provided with a tim* placenta 

Tlie nature of the feUd meiiibranus in the Monotremata is not 
known. Ova, pre.sumably in an early stage of develtijuueiit, liave 
l>een found free in the uterus of Ornitliorhyncus by Owen. Tlie 
lining membrane of the uteru.s was thickened and highly vascular. 
The females in which these were fomul were killed early in Oclolnrr*. 

Xarsapialia# Our knowledge of the fa;Ul membranes of the 
Marsupialia is almost entirely due to Owen. In Mm^ropus major he 
found that birth took place thirty-eight days after impregnation. A 

> The following i« Oweii*s account of the youug after birth (Comp. Anat. of 
VertfbraitB^ Vob iii. p. 717 ): “On the eighth of December Dr Beiiiiet diecovered in 
** the ffuhterraiiean iieet of Oniithorhyncus three living young, niik<*d, not quite two 
*Mnehe»t in length.** On tlie 12tb of Aufpmt, 1864 , **a female Kchidiia hystrix wa» 
captured .... having a young one with iU head buried in a iiiamtiiary or marsupial 
fomtL Thin young one wan naked, fif a liright red colour, and one inch two linca in 
** length. *' 
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foetus at the twentieth day of gestation measured eight lines from 
the mouth to the root of the tail. The foetus was enveloped in a 
large subzonal membrane, with folds fitting into uterine furrows, but 
not adhering to the uterus, and without villi. The embryo was en- 
veloped in an amnion refiected over the stalk of the yolk-sack, which 
was attached by a filamentary pedicle to near the end of the ileum. 
The yolk-sack was large and vascular, and was connected with the foetal 
vascular system by a vitelline artery and two veins. The )olk-8ack 
was partially adherent, esjxjcially at one part, to the subzonal mem- 
brane. No allantois was observed. In a somewhat older foetus of ten 
lines in length there was a small allantois supplied by two allantoic 
arteries and one vein. The allantois was quite free and n<jt attached 
to the stibzonal membrane. The yolk -sack was more closely attached 
to the subziMial membrane than in the younger embryo'. 

All Mammalia, other than the Monotremata and Marsupialia, 
have a true allantoic phicenta. The placenta presents a great variety 
of forms, and it will perhaps be most convenient first to treat these 
varieties in succession, and then to give a general exposition of their 
mutual affinities*. 

Amongst the existing Mammals piovided with a true placenta, the 
most piimitive type is j)robahly retained hy those forms in which the 
phmentul [>art of the clmriun is confined to a comparatively restricted area 
on the doi-snl sitle of the embryo ; while the false chorion is formed by the 
vascular ytilk siujc fusing with the remainder of the subzimal membrane. 
Ill all the existing forms with this armngement of fietal membnmes, the 
placenta is deciduate. This, however, was probably not the case in more 
primitive foriiiK from which these are dest'ended®. The placenta would 
apjK*Hr from Emilaiu’s description to be simpler in the mole (Talpa) than 
in other s|M'cies. The Iiiseetivom, C'heii-optera, and Rodentia are the 
gniups with this ty[H^ of placenta ; and since the rabbit, amongst the latter, 
lias lii»en more fully worked out than other sj>ecie.s, w’e may take it fii*st. 

The Babbit. In the pregnant fiunale Rabbit several ova are generally 
found in each horn of the uutus. The general condition of the egg-mem- 
branes at tile time of their full development is shewn in fig. 148. 

The embryo is suiTOunded by the amnion, which i.s comparatively small. 
The yolk srtck (r/>) is linage and attached to the embryo by a long stalk. 
It luiH the ft»nn of a llatteiuHi sack ch».sely appbed to al>out two thirds of the 
8urfrtct> of the subz<inal nnunbmne. The outer wall of this sack, adjoining 

* Owen quotes in the Amtifnty of Vertehrate*^ Vol. rii. }>. 721. a description from 
liengffer of ilie ilevolopinetii of llnlelphis azaiir, which would seem to imply that a 
vascular adliesion aris«*H hetwc^en the uterine walls and the subzonal membrane, but 
tho description is too vagiU’ to U; of any value in dek*rmining the nature of the 
fwtal membranes. 

• Numerous contributions to our knowledge of the various of placenta have 
la^en made durinit the last few ycais, amongst which those of Turner and Ercolani 
may he singltHl out» ImtU frtnn the Miiicty of foims with which they deal, and the 
im}K>rtatU light thev have thrown on the stmetmo of the placenta. 

» Vidt Krcolaiii. No. 197 . and HarUng, No. 201 , and also Von Baer, 
lHns$ 0 nehichU table on p. 225, part 1 ., where the imiwrtance of the limited area of 
attachment of the allantois as compared with the yolk-sack is distinctly recognised. 
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the 8ul>z(mal luembraiie^ is formed of hypoblast only ; but the inner wall is 

covered by the mesoblast of 
the area vasculosa, as indicated 


by the thick black line (fd). 
The vascular area is bordered 
by the sinus terminalis (sf). 
Ill an earlier stage of develoji- 
ment the yolk -sack had not the 
compress^ form represented 
in the figure. It is, however, 
i*emarkable that the vascular 
urea never extends over the 
whole yolk-sack ; but the inner 
vascular wall of the yolk-sack 
fuses w'ith the out-er, and wdth 
the subzoual luenibwine, and 
so forms a false chorion, which 
receives its blowl supply from 
the yolk-sack. This part of 
the cluirimi does not develop 



Flo. 14H. Diaokawatic lo.voitcwxal hkc- 

TIOS OF A KaBIUT’s OTTM AT AK AOVAKCEI) STAOE OF 

CREOXAJfci'. (From Kolliker after Btachoff.) 

e. embryo; a. amniou ; a. urachus; aU allan- 
tois with blood-vessels; $h, sub-zonal membrane; 
pi. placental ; fd, vascnlar layer of yolk-sack ; 
ed. b^'poblastic layer of yolk-sack ; ed\ inner por- 
tion of hypoblast, and ed'\ outer portion of h^'jio- 
blast lining the compressed cavity of the yolk- 
sack ; d^. ca%dty of yolk-sack ; »t. sinus terminalis ; 


vascular villi. 

I'he allantois (al) is a sim- 
ple vascuiar sack with a large 
cavity. Part of its wall is 
applied to the subzonal mem- 
bnine, and gives ris<.» to the 
true chorion, from which then* 
]»ix>ject numeroiiK vascular 
\illi. These fit into com*- 


r siiace filled with fluid between the amnion, the Hiamding uterine cryiits. It 
allantois and the yolk-sack. * ^ i 1 1 

HCHuns pndiahle, from IhschotT h 

and KblJikeris observations, that the subzonul membrane in the iiri'a of 


the placenta becomes attached to the utiTine wall, V>y means of \illi, even 
Ixjfure its fusion with tlie allantois. In the laU*r pericKls of gebtation 
the intermingling of the maternal and fu'tal parts of the placenta Uscoines 
very close, and the placenta is truly deciduati*. The cavity of the allantois 
jiersists till birth. Between the yolk-wick, the allantois, and the embryo, 
there is left a large cavity filled with an albuminous fiuitl. 

The Hare does not materially ditfer in the arraiigenifuit of its ftetal 
membranes from the Rabbit. 


In the Sflt (Mus dcfcutnanus) (fig. 149) fln‘ sack of the allantois com- 
pletely atrophies before the close of imtal life’, and there is develo]HHl, at 
the junction of the maternal fiart of the placenta and the unalU^n^d iuucoum 
raemhmne of the uterus, a fold of the mucous inc^mbratie which completely 
enca|)sules the whole chorion, and forms a separate chatitlM;r for it, distinct 
from the general lumen of the uterus. Folds of this nature*, wdiich are 
sfiecially developed in Man and A{>es, are known as a dmdua reflexa. 
The decidua n*flexa of the Rat is reduced to extreme imiuity, or even 
vanishes before the close of gestation. 


> This IS df^nied hy Kasse; ride K^illiker, Ko. p. SSI, 
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OtdnOft-pij^t Tlie development of the Oiiinea>pig is dealt with else- 
where, hut, so far as 
peculiarities p«r- 

nient betw^n the two 

v^iclc of the Guinea- ^ 

ca|>sule of tlie uterine 

dennie ^«icle in con- bEcrios throuou the placenta and adjacent 

tact with the utenne j-ahth of a IIat one inch and a grARTEu long. (From 
wall is not epihlastic, Huxley.) 

hilt com^spoiids with «. uterine vein ; h. uterine wall ; r. cavemonn portion of 
the hvi>ohiast of tlie uterine wall ; rf. deciduoua portion of uterus with cavernous 

vidlr rif structurc ; f. large vein j>a88ing to the ftt*tal portion of the 

V 1 ♦! placenta; /. false chorion supplied by \'itelline vessels; 

KorniB, anu the meso- A*, vitelline vessel ; 1. allantoic vessel ; ff. boundary of true 

hlast of tlie greater plawnla; c, tii, w, e. line of junction of the deciduate 

|iart of the inner Hide *^“^1 non-deciduate parts of the uterine wall, 
of this lK»coiiieH richly 

vuBcular the vaKCuhU* area being lioimded by a sinus terminalis. 

The blasUKleniiic vesicle is so situated within its uterine capsule that the 


embryo is atUvcIusl to tlie part of 
it adjoining the free side of the 
ufeniK. From the opjKisite side 
of the uteniH, viz. that to wdiich 
the uieMOiiietriuin is attached, 
there grow into the wall of the 
blast odemiic vesicle numerous 
vascular piXK-es’^es of the ut<»riiie 
wall, which establish at this 
|M>irit an organic connection Im** 
tween the tw'O (///). The bloocl- 
venstda of the blastod<*rinic ves- 



icle /yolk-aack) stop short im- 
mediately around the area of 
attachment to th<» uterus ; but 
at a late period the allantois 
grows towards, and fuws writh 
this area. The blood-vessels of 
the allantois and of the uterus 
IsHsoine intertwined, and a disc- 
like plsoenta more or less simi- 
lar to that in the Rabbit Im»- 


FlO. lot). l)lAGlUa.MATIC LOXGITCDINAL 8KC- 
1I(»N OF AN OVCM OF A tiCINEA-PlG AND THK 
AJOACKNT CTEIUNK WALLS AT AN ADVANCED STAGS 

or pifr.uNANc\. (After Hischoff ) 

t/k. yolk-srtck (umbilical vesicle) formed of 
an exteinal hyiioblaslic layer (shaded) and an 
internal mesoblastic vascular layer (black). At 
the end of tliis layer is placetl tbe sinus termi- 
nnlis ; «//. allantois ; pi. placenta, 

Thf* external shaded ports are the uterine 
walls. 


comes formed (/I). The cavity 

of the allantois, if dcveloiK'd, vhiusIk's completely. 
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In all the Rodentia the placenta appears to be situated on the meso- 
inetnc side of the uterus. 

InseetiTOnL In the Mole (Tali>a) and the Shrew (Sorex), the foetal 
membranes are in the main similar to those in the rabbit, and a deciduate 
disooidal placenta is always present. It may l»e situated anywhei’e in the 
circumfei*ence of the uterine tiilie. The allantoic cavity {lersists (Owen), but 
the allantois only covera the placenbil area of the chorion. The yolk-sack is 
persistent, and fuses with the non-allant- »ic i>art of the subsonal meml>rano; 
which is rendered vascular by its blood-vessels. There would seem to l)e 
(Owen) a small decidua retlexa, A similar arrangement is found in the 
Hedgehog (Erinaceus Europanis) (Rolleston), in w^hich the placenta occupies 
the typical dorsal position. It is not clear from llolleston’.H description 
whether the yolk-sack peimsU till the close of foetal life, but it seems 
probable that it does so. There is a considerable reflexa which does not, 
however, cover the whole chorion. In the Tt‘nrec (VenU*ieH) the yolk-sack 
and iion-jdacental pai*t of the chorion are described by Rolleston as l)eing 
absent, but it seems not im|x)ssible that this may have been owing to the 
bad state of preservation of the specimen. The amnion is large. In the 
Cheiroptera { Ve»j>ertiiio and PteropHs^ the yolk-siick is large, and coalesces 
M’ith jwirt of the chorion. The large yolk sack has been observed in Pte- 
n)pU 8 by Rolleston, and in V«‘sj:K*rtilio by Owen. The allantoic vessels 
supply^ the placenta only. The Cheiroptera are usually uniparons. 

Simiads and Anthropidae. The fo tal imunbranes c»f A[>eH and Man, 
though in their origin unlike th<»se of the Kodtmlia and liisectivora, are 
in their ultimate fom similar to them, and may be conveniently dealt 
with here. The early stages in the devt lopnnmt f>f these membranes in 
the human embryo have not l>een satisfactorily obs<*rvcHl ; but it is known 
that the ovum, shortly after ihs entrance into the ub^rus, Ih‘Cohi(*s attacbtxl 
to the uterine wall, which in the meaiitiiiie Iihr un<h*rg(>iie coiiMderable 
j>reparatory chni)g(\s. A fold of the ntenne wall ap[K‘ai-s to gi’ow round 
the bliistodermic vesicle, and to form a complete cajwule for it, but the 
exact mixie of ftirmaiion of this c^ipsule is a iiiattCT of inference and not of 
ol)servation. During the first fortnight of preguumw villi grow out, ac- 
cording to Allen Thomson over its whole surface, but a<Tonling to Reichert 
in a rtng-like fashion round the edge (»f the somewhat Huttened ovum, and 
attach it to the uterus. The further history of the early stages is ex- 
tremely obscure, and to a large extent a matter of s[w*<*ii)atifm : what is 
known with reference to it w^ill la* found in a s{>ecial section, but I shall 
here take up the history at about the fourth w'eek. 

At this stage a ciimpiete cliorion has become forinnl, ami is proliably de- 
rived from a growth of the mesoblast of the allantois (uiuiccniupHtiied by the 
hy[M>bla 8 t) round the wdiole inner surface of the siibzoiml iiieini)miie. (Vom 
the whole surface of the <‘horiou there project bmuched vascular processes, 
covered by an epithelium. The allantois is without a cavity, but a hy^io- 
blastic epithelium is present in the allantoic stalk, through which it clr»es 
not, however, form a coiiiintiotis tiilje. The bhxal -vessels of the chorion 
are derived from the usual allant 4 fic arteries and vein. The general eon* 
dition of the einhiyo and of its uiembmties at this {leriod is shewn iliagram- 
matieally in fig. 147, 5 . Around the embryo is seen the amnion, airtssdy 
se|iarat«d by a considerable interval from the embryo. The yolk-sack is 
shewn at </a l^elatively to the other {miIh it is consulerabty smaller ttmn 
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it wa» At an earlier stage. The allantoic stalk is shewn at al. Both ii 
and the stalk of the yolk-sack are enveloped by the amnion (am). The 
chorion with its vascular processes sturounds the whole embryo. 

It may be noted that the condition of the chorion at this stage is very 
similar to that of the noimal diffused type of placenta^ descril^d in the 
sequel. 

While the above changes are taking place in the embryonic membranes, 
the blastodermic vesicle greatly increases in size, and forms a consideraV>le 
projection from the upper wall of the uterus. Three regions of the uterine 
wall, in relation to the blastodermic vesicle, are usually distinguished ; 
and since the supcTlicial parts of all of these are thrown off with the after- 
bii*tli, each of them is called a decidua. They are represented at a some- 
what lat(*r stage in fig. 151. There is (1) the part of the wall reflected 
over the blast(^ermic 
vesicle, called the de- 
cidua reflexa (</r); 

(*2) tlje part of the 
wall fonuing the area 
round which the i*e- 
ilexa is inM*rted, called 
the decidua scro- 
ti na (<Im); (3) the 

general wall of the 
uterus, not related to 
the embryo, culled the 
decidua veru (</«). 

The decidua rcllexa 
and serotiiia togetiier 
envelop the chorion, 
the pi-ocesses of which 
tit into cry[)ts in them. 

At this |>eriotl liotli of 
them are highly and 
nearly uniformly vas- 
cular. The general 

cavity of the uterus is allnntoic htalk; nk umbilical vesicle; am. amuion; 

to a larce extent ob- *'hor)un; th. tliTulna Rcrotiua; ciu. iWcidua vera; dr. 
... . tUviilim n'rtcxa; /.Fallopian tub(»; c.X5or\ix uteri; n. uterus; 

i iterated by the ovum, . qi true placenta; z\ villi of non-placental 

but still [lei'sists as a {^nrt of chorion, 
space filled wnth mu- 
cus, Iwtwcen Uie decidua ndlexa and the deoiilua vera. 

The changes which t'nsue from this |K'rioil onwards are fully known. 
The amiiiou continues to dilaU^ (its cavity Isung tensely filled with amniotic 
fluid) till it comes very close to the chorion (fig. 151, am ) ; from which, 
however, it ivmains sejianiied by a layer of gelatinous tissue. The villi of 
the chorion in the ngion covered by the deculua ixjflexa, gradually cease 
to bo vaaciilar, and |mrti»iliy atrophy, but in the i*egion in contact with the 
decidua sf^rotina increase and Imionio inoi'e vascular and more wborescent 
(tig. 151, z). The former rt^giou iM^oomes known as the chorion l«ve, 
and the latU^r as the chorion frond os um. T/ie ehorwn /randoeum^ 
with thr tirmhm a^rotina, tjiira rise to /A« , Weiifo^ 



Fu.. ir>l. Diaoiiammatic section of freonant bvuas 
t ry.m n with contained fcetus. (From Huxley after 
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Although the vascular supply is cut o(f from the chorion Iflpve, the 
processes on its surface do not completely al)ort. It becomes, as the time 
of birth approaches, more and more closely united with the reflexa, till the 
union between the two is so close tliat their exact boundaries cannot be 
made out. The umbilical vesicle (fig. 151, nh\ although it becomes greatly 
reduced in size and flattened, pei'sists in a recognisable form till the time of 
birth. 

As the embryo enlarges, the space between the decidua vero and 
decidua reflexa becomes ^•educed, and Anally the two parts unite together. 
The decidua vera is mainly ehai'acterised by the presence of peculiar 
roundish cells in its subepithelial tissue, and by the disappearance of a 
distinct lining of epithelial cells. During the whole of pregnancy it 
remains highly vascular. The decidua reflexa, on the disiipiieanince of the 
vessels in the chorion lieve, becomes non-vjiscular. Its tissue undergoes 
changes in the main similar to those of tlie <lecidua vera, and as has been 
already mentioned, it fuw'.s on the one liand with tlie chorion, and on the 
other with the decidua vera. Tlie membrane resulting from its fusion 
with the latter striictuw tK*coines thinner and thinner a.H pregnancy ad- 
vances, and is reduced to a thin layer at the tinn^ of birth. 

The placenta hu.s a .somewhat tli.scoidal form, with a slii^htly convex 
uterine surface and a concave embryonic .surface. At itn eclge it i.s con- 
tinuous l>oth with the <lei*idua n*flexa and d<‘ci«lua vent. N<Hir the centm 
of the embryonic surface is itnphiiited the umbilical cord. As has already 
l»een mentioned, the (ilaceiita is fonnetl of the decidua s(»rotina and the 
foetal villi of the chorion fitindosurii. The facial and maternal ti.sHiies aiv 
far moiv elostdy united (tig. 152) limn in the foriiiK demnnhed alwve. The 
villi of tlie chorion, which were originally eoinparatively simple^ become 
more and imm* comjdicatcHl, and asHtiiiie an extremely arliorescent form. 
Each of them conttiins a vein and an arterv, which subdivi<le to enter the 
complicated ramiHcations; and are connectetl togiaher by a rich aimstomoHis. 
The villi are fonnisl mainly of connective tissm*, but are covered by an epi- 
thelial layer generally lielievc»il to Ik; derivtsl from tin* subzoual membrane; 
but, as was first sUited by (bKalsir, and lias siiu'e imm ii more fully sliewii 
by Ercolani and Turner, tliis epithelial hivfr is really a part ot the cellular 
decidua serotina of the uterine wmll, which has lK*come ailherent to the villi 
in the development of the placenta (tig. Ifll,^). 'fhe plaef»nta is divided 
into a number of lolx*s, UKitally calleil cotyledons, by septa which jmss 
towards the chorion. These septa, which ladong to the s<*n>tiiiH, lie be- 
tween the arborescent villi of the chorion. The cotyledons themselves 
consist of a network of tissue f^riueatfsl by large vascular spaces, formed 
by the dilatation of the maternal blcKKl-vessels of the 8*T«itiiia, into which 
the rainificationa of the foetal villi project. In these spacers they }iartly 
float freely, and fmrtly are attached to delicate tmlaxmla* of the inatemal 
tissue (fig. 101, 0 ). They are, of courm^ m;parated from the maternal blomi 
by the uterine epithelial layer liefore meritiomHl. The bhxKl is brought to 
the maternal part of the placenta by spirally coiled arteries, which do not 
divide into capillaries, but qien into the large blood-spaces ait*eady MfKikim 
of. From these si>aces there pass off oblique uteni-pliicentiil veins, which 
pierce the serotiiia, and form a system of large venous Hiiiasos in the 
adjoining uterine wall (fig. 152, /’), and eventually fall into tliri general 
uterine venous system. At birth the whole placenta, together with the 



MAMMALIA, 


205 



fuHod decidua vara, aiul leflexa, with which it in coutimiouH) in nhed; and 
the blood vesselB thus 
ruptured are closed A 

by the contraction of 
the uterine wall. 

The foetal mero- 
bianes and the plar 
centa of the Siniiadte 
(Turner, No. 225) are 
in most res|>ect8 close- 
ly similar to those in 
Man ; but the pla 
centa is, in roost cases, 
divided into two Io1k% 
though in the Oh ini- 
paiixeii, Cy iiocephalus, 
and the A|h 58 of tlie 
New World, it apfieai^ 
to be single. 

The ty|K*s of de- 
ciduate {daoenta so 
far dcHcril)ed, art? usu- 
ally classified by aua- 
toinists as discoid al 
]dacetitie, although it 
must bc» Ismie in 
mind that they differ 
vt»ry w'idely. In the 
Hodentia, Insecti- 
vora, and (’heiropteru 
there is a (usually) dorsal plactnita, which is co-extensive with the area of 
contact betwmi the allantois and the subzonal membmne, while the yolk- 
S4ick adhei\5s to a large part «»f the subzonal membi'aue. In A|>es and 
Man the allantois Hpreads over the whole inner surface of the subzonal 
itieuibrano ; the placenta is on the vi?utral side of the embryo, and occupies 
only a smalt part of the sui-face of the allantois. The placenta of A[>es 
and Man might la>> calh'd metadisooidal, in order to dUtinguish it from the 
primitive iliscoidal placenta ot the Koilentia and lusectivoi'a. 

In the Armaililloi^H (Ihtsypus) the placent»i is truly diseoidal and deci- 
duate (Owen and Kblliker). A If. Milne Edwaixls states that in Dasypus 
novetnciuctua the plmvnta is zonary, and both Kolliker and he found four 
embryos in the uti*riis, each with its own amnion, but the placc^nta of all 
four unitiHl together; and all four euclostsl in a e*)mmon chorion. A 
n^flexa dotss not ap|iear U> bo present. In the Sloths the placsmta ap- 
proaches the diseoidal tyis* (Turner, No. 218). It wcupies in Ch»lopus 
Hoffiimnni aliout four- fifths of the surfa<*e of the chorion, and is composed 
of aliout thirty-four discoid lolies. It is truly deciduate, and the maternal 
capillaries are replace<l by a system of sinuses (fig. 161 ), The amnion is 
oUisa to til© inner surface of the chorion. A dome-sha|)ed placenta is also 
found amoiigHt the Edentata in MyrnuH^^plmga ami TamamUia (Milne 
Edwar<lH, No. 208). 


FkJ. 152 . Sl.CTlOS OK THE HI MAX VTKRCS ANI> KLACEXTA 
\T THE THIUTIKIH WEEK OF PREGNANCY. (FrOlU Huxlcy, after 

Kcker.) 

.1. mnbilical coni; B, chorion ; C. fietal villi separated 
by proc4*j{‘-cs of the decidua serotiua, J ) ; K, F, G. walls 
of uWruR. 
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^ PlEOentA. Another form of deciduate placenta in kmmn m 
the xonary. This form of placenta occupies a broad zone of the chorion, 
leaving the two poles free. It is found in the Caruivom, Hjrax, Elephas, 
and Orjoteropus. 

It is easy to understand how the zonary j)lacenta may be derived from 
the primitive arrangement of the meinbrancB {vide p. 199) by the ©xterj- 
sion of a diseoidal placental area to a zonarif area, but it is jmssible 
that some of the types of zonary placenta may have been evolved from 
the concentration of a diffused placenta {vide p. 217) to a zonary area. 
The absence of the placenta at the exti'eme poles of the chorion is explaineil 
by the fact of their not being covereil by a reflection of the uterine muccms 
membrane. In the later periods of pregnancy the ])lacental area becomes, 
however, in most forms much more restricted than the area of contact 
between the uterus and chorion. 

In the Dog*, which may be taken as ty})e, there is a large vascular 
yolk'Sack formed in the usual way, which does not however fuse with the 
choiion. It extends at fli*st quite to tin* end of the citroii'Shaped ovum, 
and persists till birth. The allantois first grows out on the dorsal side 
of the embryo, where it coalesces with the suhzonal membrane, over a 
small diseoidal area. 

Before the fusion of the allantois with the sub/onal membrane, there 
grow out from the whole surface of the external covering of the ovum, 
except the poles, numerous non-vascular 'idlli, which lit into uterine crypts. 
Wlien the allantois adheres to the siihzona) meinbrnne vascular processes 
grow out from it into tlie.se villi The \uscular villi so formed an? of course 
at flint confined to the disc-shafied area of adhesion laHween the allantois 
and the subzonal membrane; and is t/nis fanned a rudimetUnry die- 
coulal placenta, closely resembling that of the Kodentia The view pre- 
viously stated, that the ztinary placenta is derived from the diseoidal one, 
receives from this fact a strong 8Up])ort. 

The cavity of the allantois is largo, and its inner |Mirt is in contact with 
the amnion. The area of adhesion between the outer part of the allantois 
and subzonal membmne gradually sprtwls over the whole inti^ior of the 
subzoiuil membrane, and vascular villi are formed over the whole area of 
adhesion except at the two extnmie jxiles of the egg. Tlie last part to Ik» 
covered is the ventral side where the yolk-sack atljoins the subzonal 
membrane. 

During the extension of the allantois its cavity |»ersists, and its inner 
part covers not only the amnion, but also the yolk-sack. It a(U]ei*es to 
the amnion and supplies it with blcxKl- vessels (Bischoff). 

With the full growth of the allantois there is formed a broad placental 
zone, with numerous branched villi, fitting into coiTesjwmding pita which 
become developed in the uterine walls. The maternal and fostal struc- 
tures become closely interlocked and highly vascular; and at birth a large 
part of the maternal part is carried away with the placenta ; sc»me of it 
however still remains attached to the muscular wall of the utfiinis. The 
villi of the chorion do not fit into nterine glands. The zone of the pla- 
centa diminishes greatly in projwrtion to the chorion as the latter elongates, 
and at the full time the bnsadth of the zone is not more than about one- 
fifth of the whole length of the chorion. 

* Vide BiaeholT, No. 175. 
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At the edge of the placental zone there is a very small portion of the 
uterine muoous membrane reflected over the non-placental part of the 
chorion, which forms a small reflexa analogous with the reflexa in Mam 

The Carnivora generally closely resemble the Dog, but in the Cat the 
whole of the maternal part of the placenta is carried away with the foetal 
parts, so that the placenta is more completely deciduate than in the Dog. 
In the Grey Seal (H(dichceni 8 gryphiui. Turner, No. 219) the general 
arrangement of the foetal membranes is the same as in the other groups 
of the Carnivora, but there is a considerable reflexa developed at the edge 
of the placenta. The foetal part of the jdiicenta is divided by a series of 
primary tissuves which give ofi* secondary and tertiary Assures. Into the 
Assures there pass vascular larninas of the utenne wall. The general sur- 
face <»f the foetal }>art of the placenta betwecm the Assures is covered by a 
greyish meinbmne forinfKl of the coalesced terminations of the foehil villi. 

The structure of the placenta in Hyrax is stated by Turner (No. 221) 
to be very similar to that in the Felidw. The allantoic sack is large, and 
covers the whole surface of the subzoiial membrane. The amnion is also 
large, but the yolk-sack would seem to disapjx^ar at an early stage, instead 
of j>erHistiiig, as in the Carnivora, till the close of foetal life. 

The Elephant (Owen, Turner, Chapman) is provided with a zonary 
deciduate placenta, though a villous patch i.s present near each pole of the 
chorion. 

Turner (No. 220) has shewn that in Orycteropus there is present a zonary 
placenta, which diflera however in several particulai's from the normal 
zonary placentfi of the Carnivora ; and it is even doubtful whether it is 
truly deciduate. Th(*re is a single embryo, which Alls up the body of the 
uterus and also projects into only one of the horns. Tlie placenta forms a 
broad median zone*, leaving the two jmles free. The breadth of the zone is 
considerably great*T than is usual in Carnivora, one-half or more of the 
whole longitudinal diameter of the chorion being occupied by the placenta. 
The chorionic villi are arborescent, and diffusely scattered, and though the 
rnaterniil and fcetal parts ai^ closely interwoven, it has not been ascer- 
tained whether the adhesion lietweeii them is sulHcient to cause the ma- 
ternal BuW.pithelial tissue to he carried away with the fetal jmrt of the 
placenta at birth. The allantois is adhei'ent to the w’hole chorion, the 11011- 
plaeental parts of which are vascular. In the umbilical cord a remnant of 
the allantoic vesicle was present in the embryos obsen-ed by Turner, but in 
the alisence of a large allantoic cavity the Cape Ant-eater differs greatly 
from the Camivoi'a. The amnion and allantois weiti in contact, but no 
yolk-sack was observed. 

UTOB-dcciduatfl placflntft* The remaining Mammalia are characterized 
by a non -deciduate placenta ; or at least by a placenta in which only parts of 
the maternal epithelium aiul no vascular niitternal structures are carri^ away 
at jiarturitiou. The non-deciduate placx»utie aiv divided into tw'o ^ups : 
(1) Tile polycotyh*doimry pl.icenta, eharact^'ristic of the true Kuminautia 
(Cervidie, Antilopidie, Bovida?, Cainelojiardalidae) ; ( 2 ) the diffused placenta 
iound in the other non-deciduato Maniiiialia, viz, the Perissodactyla, the 
Suid», the Hip|K>potamidie, the Tylo|K)da, the Tragulida?, the Sirenia, the 
Cetacea, Manis amongst the Edentata, and the Lemuridie. The polycoty- 
ledonary form is the most differentiated ; and is probably a modiAcation of 
the diffused form. The diffused non-deciduate placenta is very easily 
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derived from the primitive type (p. 199) by an extensiou of the allantoic 
portion of the chorion ; and the exclusion of the yolk^sack from any par* 
tioipation in forming the chorion. 

The possession in common of a diffused tyjie of placenta is by no 
means to be regarded as a necessary pi*oof of affinity between two groups, 
and there are often, even amongst animals possessing a diffused form of 
placenta, considerable differences in the general arrangement of the em- 
bryonic membi-anes. 

XJnglilata. Although the Ungulata include forms with both coty- 
ledonary and diffused placentte, the general arrangement of the embryonic 
membranes is so similar throughout the group, that it will be convenient to 
commence with a description of them, which will fairly apply both to the 
Ruminantia and to the other forms. 

The blastodermic vesicle dunng the onrly stages of development lies 
freely in the uterus; and no non-vascular villi, similar to those of the 
Dog or the Rabbit, are formed In^fore the ap|)earance of the allantois. 
The blastodermic vesicle ha.^ at tirst the usual .spherical form, but it grows 
out at an early period, and with prodigious rapidity, into two immensely 
long horns ; which in cases wdiem then^ is only one embryo are eventually 
prolonged for the whole length of the two horns of the uterus. Tlie 
embryonic area is formed in the usual way, and its long axis is placed at 



Fio. 15S. Kmhhvo and viktal MRirnRANEs or a Torso kmiiryo BoR-UKsn. (After 

Bifichoff.) 

yk, yolk-sack ; all. alUnloiB just uprooting eh a bilobed sack. 

right angles to that of the vesicle. On the formation of an amnion th«*re 
is formi^l the usual stibzonal membrane, which soon l>ecouies Me|iarated by 
a conaideraMe space from the yolk-sack (fig. The yolk-sack is, how- 

ever, continutxi into two elongaterl processes (yk)^ which pass to the two 
exiretiiities of the subssoiial tiiembraoe. It is supplied with the normal 
blood-vessels. As soon as the allantob amiears (fig. 153 aU)y it grows out 
into a right and a left process, which rapidly fill the whole free space within 
the stibxonal membrane and in many eases, s.//. the Pig (Von mer), break 
through the eiuls of the membrane, from vrhich they project as the diver- 
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ticula allantoidis. The cavity of the allantois remains large, but the 
lining of hypoblast becomes separated from the mesoblast, owing to the 
more rapid growth of the latter* The mesoblast of the allantois applies 
itself externally to the subzonal membrane to form the chorion*, and in- 
ternally to the amnion, the cavity of which remains very small. The 
chorionic portion of the allantoic mesoblast is very vascular, and that 
applied to the amnion also becomes vascular in the later developmental 
I>erio<l8. 

The horns of the yolk-sack gradually atrophy, and the whole yolk- 
sack disappears some time before birth. 

Where two or more embryos are present in the uterus, the chorions of 
the several embryos may unite whore they are in contact. 

From the chorion there grow out numerous vascular villi, which fit into 
eorresponding pits in the uterine walls. According to the distiibution of 
those villi, the allantois is either diffused or polycotyledonary. 

The pig prosents the simplest type of diffuscMl placenta. Tlie villi of 
the surface of the chorion cover a broad zone, leaving only the two poles 
free ; their arrangement dififers therefore from that in a zonary ])laceDta 
ill the greater breadth of the zone covered by them. The villi have the 
form of simple papillie, arranged on a series of ridges, which are highly 
vascular as compared with the intervening valleys. If an injected chorion is 
examined (fig. 154\ certain clear non-vascular spots are to be seen (fe), from 



Fio. 154. PuunoN or tue ixjkcted chorion or a Pio, sliqhtly uaonifiep. 

(From Turner.) 

The figure shews s minute cirouUr spot (6) (euolosed bj a vascular ring) from 
which villous ridges (r) radiate. 

which the ridges of villi radiate. Tbe surface of the uterus adapts 
itself exactly to the elevations of the chorion ; and the furrows which 
receive the chorionic ridges are highly vascular (fig. On the other 

hand, thero are non-vascular circulivr depressions corresponding to the non- 
vascular areas on the chorion \ and in those areas, and in these alone, the 

1 Aooording to BisebofT the subzonal membrane atrophies, leaving the allantoic 
mesoblast to constitute the whole chorion. 
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FLAG EXT A OF TlJE UXGULATA. 


glaiide of the uterus open (fig. 155 g) (Turner). The maternal and fcetal 
parts of the placenta in the pig separate with very great ease. 



Flo. 155. Sl RPACK-VIKW OK XUE INMECIKO I TKUINK Ml'COHV OK A OUAVIO PlO (FrOIH 

Turner.) 

The fig. shews a circular non-vasoular sj^ot when* a glainl opens (//) surrounded h.v 
numeroud vascular (rr). 


In the mure (Tunier), the fietal villi are arranged in a leas definite 
zonary band than in the pig, though still absent foi- a very small area at 
Ixilh poles of the chorion, and also opposite tiie oh uteri. The filiform villi, 
though to the naked eye unifonnly scattenKl, are, when magnitif d, found to 
lie clustered together in minute cotyledons, which fit into corresponding 
nterine crypts (fig. 150). Surrounding the utru’ine ervpts are reticulati' 



Fio. 156. Vkhticai. skctios THuorcm wia ixjscxKn ri^ACKSTA or a Mask, 
(From Tamer.) 

eh, chorion with its villi partly in siln and partly drawn out of the crypta (er); 
loose epiibeUal cells which formed the lining of the crypt; ff. uterine gUnds, 
r, blood-vessels. 
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ridges on which are placed the openings of the uterine glands. The re- 
maining Ungiilata with diffused placenta? do not differ in any important 
particulars from those already described. 

The poly cotyledonary form of |)lacenta is found in the Kuminantia 
alone. Its essential character consists in the foetal villi not l>eing tuii- 
formly distributed, but collectcid into patches or cotyledons which form as 
it wei*e so many small placentae (fig. 157). The foetal villi of these patches 



Fm. 157. Ttkiu’s ok a (\>w in the of rnKosASCY laii> open. (From Huiley 

afUT (’olm.) 

I’, vagina; T. ntcnis ; Ch. chorion; ulfrine cotyledons ; C*. cotyledons. 



Fio. 158. Cotyledon of a Cow, the f<ktaj. and uateunal pasts half separated. 
(From Huxley after Colin,) 

M. uterus; Ch. chorion; CK inatcnial part of cotyledon; C*. ftotal part, 
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DIFFUSED PLACENTA, 


fit into corresponding pits in thickened patches of the wall of the uterus 
(figs. 153 and 159 ). In many cases (Turner), the interlocking of the 
maternal and fcetal structures is so close that large parts of the maternal 
epithelium are carried away when the fcetal villi are separated from the 



Fxo. 159. Sbmi-diaorammatic verticai. section through a portion of a maternal 
COTYLEDON OF A Sheep. (Froixi Tumer.) 
cr. crypts ; e, epithelial lining of crypts ; r, veins and r. curling arteries of sub- 
epithelial connective tissue. 


uterus. The glands of the uterus open in the intervals between the 
cotyledons. The character of the cotyledons differs greatly in different 
types. The maternal parts are cup-shaped in the sheep, and mushroom - 
shaped in the cow. There are from 60 — 100 in the cow and sheep, but 
only about five or six in the Koe deer. In the Giraffe there are, in addition 
to larger and smaller cotyledons, rows and clusters of short villi, so that the 
placenta is more or less intermediate between the polycotyledonaiy and 
diffused types (Turner). A similarly intermediate type of placenta is found 
in Cervus mexicanus (Tumer). 

The groups not belonging to the XJngulata which are characterized by 
the possession of a difiiised placenta are the Sirenia, the Cetacea, Manis, 
and the Leniuridie. 

SillBllUU Of the Sirenia, the placentation of the Dugong is known 
from some observations of Harting jNo. 201). 

It is provided with a diffuse and non* deciduate placenta ; with the 
villi generally scattered except at the poles. The umbilical vesicle vanishes 
early. 

Cetacea. In the Cetacea, if we may generalize from Turner’s observa- 
tions on Orca Gladiator and the Narwhal, and those of Anderson (No. 191) 
on Platanista and Orcella, the blastodermic vesicle is very much elongated, 
and prolonged unsymmetrically into two horns. The mesoblast (fig. 160 ) 
of the allantois would appear to grow round the whole inner surface of the 
subzonal membrane, but the cavity of the allantois only persists as a widish 
sack on the ventral aspect of the embryo (fd). The amnion (am) is enor- 
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moua, aiid is dorsally in apposition with, and apparently coalesces with 
the chorion, and ventrally covers the inner wall of the persistent allantoic 



Fia. 160. Diagbam of thb fcetal membbanes in Obca ^ladutob. (From Turner.) 
c/t. chorion ; am. amnion ; ah allantois ; E. embiyo. 

sack. The chorion, except for a small area at the two poles and opposite 
the os uteri, is nearly uniformly covered with villi, which are more nume- 
rous than in fig. 160. In the large size of the amnion, and small dimen- 
sions of the persistent allantoic sack, the Cetacea differ considerably from 
the Ungulata. 

Manis. Manis amongst the Edentata presents a type of diffused 
placenta*. The villi are arranged in ridges which radiate from a non- villous 
longitudinal strip on the concave surface of the chorion. 

Manis presents us with the ihu*d type of placenta found amongst the 
Edentata. On this subject, I may quote the following sentence from 
Turner (Journal of Anat. ami Phya.y voL x., p. 706). 

‘‘The Armadillos (Dasypus), according to Professor Owen, possess a 
single, thin, oblong, disc-shaped placenta ; a specimen, probably Dasypus 
gymnurus, recently described by Kolliker®, had a transversely oval pla- 
centa, which occupied the upper |^rds of the uterus. In Manis, as Dr 
Sharjiey has shewn, the placenta is diffused over the surfaces of the chorion 
and uterine mucosa. In Myrmecophaga and Tamandua, as MM. Milne 
Edwards have pointed out, the placenta is set on the chorion in a dome- 
like manner. In the Sloths, as I have elsewhere described, the placenta is 
dome-like in its general form, and consists of a number of aggregated, 
discoid lobeSw In Orycteropus, as I have now shewn, the placenta is 
broadly zonular.” 

liOmuridsB* The Lemurs in spite of their affinities with the Primates 
and Insectivora have, as has been ^ewn by Milne Edwards and Turner, an 
apparently very different form of placenta. There is only one embryo, which 
occu[>ies the body and one of the cornua of the uterus. The yolk-sack 
disappears early, and the allantois (Turner) bulges out into a right and 
left lobe, which meet above the back of the embryo. The cavity of the 
allantois persists, and the mesoblast of the outer wall fuses with the 
subzonal membrane (the hypoblastic epithelium remaining distinct) to give 
rise to the chorion. 

On the surfiuje of the chorion are numerous vascular villi, which fit 
into uterine crypts. They are generally distributed, though absent at the 
two ends of the chorion and. opposite the os uteri. Their distribution 

1 The observations on this head were made by Sharpey, and are quoted by Huxley 
(No. 202 ) and with additional observations by Turner in his Memoir on the placenta- 
tion of the Sloths. Anderson (No. 191 ) has also recently confirmed Sharpey’s account 
of the diffused character of the placenta of Manis. 

* EntwickbinnHffeachichte des Memchen, etc.^ 2nd ed., p. BG2. Leipzig, 1876* 



tf. 101. Diaorammatic representations op the minute structure of the 
Placenta. (From Turner.) 

the foetal ; iV. the maternal placenta; p. epithelium of chorion ; e\ epithelium 
or maternal placenta ; d. foetal blood'Vessels; d\ maternal blood’VCBsels; v. villus. 
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A. Placenta in its most generalized form. 

B. Structure of placenta of a Pig. 

C. Structure of placenta of a Cow. 

P. Structure of placenta of a Fox. 

E. Structure of placenta of a Cat. 

F. Structure of placenta of a Sloth. On the right side of the figure the flat 
maternal epithelial cells are shewn in ntu. On the left side they are removed, and 
the dilated maternal vessel with its blood-corpuscles is exposed. 

G. Structure of Human placenta. In addition to the letters already referred to, 
ds, dn. represents the decidua serotina of the placenta; f, t. trabeculsB of serotina 
passing to the foetal villi; ca, curling artery ; up. utero>placental vein ; x. a prolonga- 
tion of maternal tissue on the exterior of the villus outside the cellular layer e\ which 
may represent either the endothelium of the maternal blood-vessel or delicate con- 
nective tissue belonging to the serotina, or both. The layer e' represents maternal 
cells derived from the serotina. The layer of foetal epithelium cannot be seen on the 
villi of the fully-formed human placenta. 

accords with Turner’s diffused type. Patc*hes bare of villi correspond with 
smooth areas on the surface of the uterine mucosa in which numerous 
utricular glands open. There is no reflexa. 

Although the Leinurian type of placenta undoubtedly differs from that of 
the Primates, it must be borne in mind that the placenta of the Primates 
may easily be concfdved to be derived from a Lemurian form of placenta. 
It will be remembered that in Man, before the true placenta becomes deve- 
loped, there is a condition with simple vascular villi scattered over the 
chorion. It seems very probable that this is a repetition of the condition 
of the placenta of the ancestors of the Primates which has probably been 
more or less retained by the Lemurs. It was mentioned above that the 
resemblance between the metadlscoidal placenta of Man and that of the 
Cheiroptera, Insectivora and Rodentia is rather physiological than morpho- 
logical. 


('Uitiparative histology of the Placetda. 

It does not fall within the province of this work to treat from a 
histological standpoint the changes which take place in the uterine walls 
during pregnancy. It will, howet^er, be convenient to place before the 
reader a short statement of the relations between the maternal and 
fmtal tissues in the different varietit‘s of placenta. This subject has been 
admirably dealt with by Turner (No. 222 ), from whose jiaper tig. 161 
illustrating this subject is taken. 

The simplest known condition of the placenta is that found in the 
pig (B). The papilla-like foetal villi tit into the maternal crypts. The 
villi (v) are formed of a connective tissue cone with capillaries, and are 
covered by a layer of very flat epithelium (e) derived from the subzonal 
membrane. The maternal crypts are lined by the uterine epithelium (e'), 
immediately below which is a capillary flexus. The maternal and foetal 
vessels are here separated by a double epithelial layer. The -same general 
arrangement holds good in the diffused placenta? of other forms, and in 
the polycotyledonary placenta of the Ruminantia, but the foetal villi (C) 
in the latter acquire an ai’borescent form. The maternal vessels retain 
the form of capillaries. 

In tl\e deciduate jdacenta a considerably more complicated arrange- 
ment is usually found. In the typical zonaiy placenta of the fox and cat 
(1) and E), the maternal tissue* is broken up into a complete trabecular 



216 


EVOLUTION OF THE PLACENTA, 


mesbwork, and in the interior of t|ie trabecula there run dilated maternal 
capillarieB {d!). The trabecula are covered by a more or less columnar 
uterine epithelium (e'), and are in contact on every side with foetal villi. 
The capillaries of the foetal villi preserve their normal size, and the villi 
are covered by a flat epithelial layer (e). 

In the sloth (F) the maternal capillaries become still more dilated, and 
the epithelium covering them is formed of very flat polygonal cells. 

In the human placenta (G), as in that of Apes^ the greatest modi- 
flcation is found in that the maternal vessels have completely lost their 
capillary form, and have become expanded into large freely commu- 
nicating sinuses (</'). In these sinuses the foetal villi hang for the most 
jmrt freely, though occasionally attached to their walls {t). In the late 
stages of foetal life there is only one epithelial layer (e') between the 
matemarand foetal vessels, which closely invests the foetal villi, but, as 
shewn by Turner and Ercolani, is part of the uterine tissue. In the foetal 
villi the vessels retain their capillary form. 

Evolution of the Placenta, 

From Owen’s observations on the Marsupials it is clear that the 
yolk-sack in this group plays an important, if not the most important 
part, in absorbing the maternal nutriment destined for the foetus. 
The fact that in Marsupials both the yolk-sack and the allantois are 
functional in rendering the chorion vascular makes it d priori 
probable that this was also the ease in the primitive types of the 
PlacentAlia, and this deduction is supported by the fact that in the 
Rodentia, Insectivora and Cheiroptera this peculiarity of the fcetal 
membranes is actually found. In the primitive Flacentalia there 
was probably present a discoidal allantoic region of the chorion, from 
which simple foetal villi, like those of the pig (fig. IGl B), projected 
into uterine crypts ; but it is not certain how far the umbilical part 
of the chorion, which was no doubt vascular, may also have been 
villous. From such a primitive type of foetal membranes divergences 
in various directions have given rise to the types of foetal membranes 
now existing. 

In a general way it may be laid down that variations in any 
direction which tended to increase the absorbing capacities of the 
chorion would be advantageous. There are two obvious ways in 
which this might be done, viz. (1) by increasing the complexity of 
the foetal villi and maternal crypts over a limited area, (2) by in- 
creasing the area of the part of the chorion covered by placental villi. 
Various combinations of the two processes would also of course be 
advantageous. 

Tlie most fundamental change which has taken place in all the 
existing Placentalia is the exclusion of the umbilical vesicle from 
any important function in the nutrition of the foetus. 

The arrangement of the foetal parts in the Rodentia, Insectivora 
and Cheiroptera may be directly derived from the primitive form by 
supposing the villi of the discoidal placental area to have become 
more complex, so as to form a deciduate discoidal placenta; while the 
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yolk-sack still plays a part, though physiologically an unimportant 
part, in rendering the chorion vascular. 

In the Carnivora again we have to start from the discoidal pla- 
centa, as shewn by the fact that the allantoic region of the placenta 
is at first discoidal (p. 206). A zonary deciduate placenta indicates 
an increase both in area and in complexity. The relative diminution 
of the breadth of the placental zone in late foetal life in the zonary 
placenta of the Carnivora is probably due to its being on the whole 
advantageous to secure the nutrition of the foetus by insuring a more 
intimate relation between the foetal and maternal parts, than by 
increasing their area of contact. The reason of this is not obvious, 
but as mentioned below, there are other cases where it can be shewn 
that a diminution in the area of the placenta has taken place, ac- 
companied by an increase in the complexity of its villi. 

The second type of differentiation from the primitive form of 
discoidal placenta is illustrated by the Lemuridse, the Suidse, and 
Manis. In all these cases the area of the placental villi appears to have 
increased so as to cover nearly the whole subzonal membrane, without 
the villi increasing to any great extent in complexity. From the 
diffused placenta covering the whole surface of the chorion, differ- 
entiations appear to have taken place in various directions. The 
metadiscoidal placenta of Man and Apes, from its mode of ontogeny 
(p. 203), is clearly derived from a diffused placenta — very probably 
similar to that of Lemurs — by a concentration of the foetal villi, which 
are originally spread over the whole chorion, to a disc-shaped area, 
and by an increase in their arborescence. 

The polycotyledonary forms of placenta are due to similar con- 
centrations of the foetal villi of an originally diffused placenta. 

In the Edentata we have a group with very varying types of 
placenta. Very probably these may all be differentiations within 
the group itself from a diffused placenta, such as that found in Manis. 
The zonary placenta of Orycteropus is capable of being easily derived 
from that of Manis, by the disappearance of the foetal villi at the 
two poles of the ovum. The small size of the umbilical vesicle in 
Orycteropus indicates that its discoidal placenta is not, like that in 
Carnivora, directly derived from a type with both allantoic and um- 
bilical vascularization of the chorion. The discoidiil and dome-shaped 
placentae of the Armadilloes, Myrmecophaga, and the Sloths may 
easily have been formed from a diffused placenta, just as the discoidal 
placenta of the Simiadae and Anthropidye appears to have been 
formed from a diffused placenta like that of the Lemuridae. 

The presence of zonary placentae in Hyrax and Elephas does not 
necessarily afford any proof of affinity of these types with the Car- 
nivora. A zonary placenta may quite easily be derived from a 
diffused placenta; and the presence of two villous patches at the 
poles of the chorion in Elephas indicates that this was very probably 
the case with the placenta of this form. 

Although it is clear from the above considerations that the 
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placenta is capable of being used to some extent in classification, 
yet at the same time the striking resemblances which can exist 
between such essentially different forms of placenta, as for instance 
those of Man and the Rodentia, are likely to prevent it being employed, 
except in conjunction with other characters. 

Special types of development 

The Oninea-pig, Cavia cobaya. Many years ago Bischoff (No. 176) 
shewed that the development of the guinea-pig was strikingly different from 
that of other Mammalia. His statements, which were at hrst received with 
some doubt, have been in the main fully confirmed by Hensen (No. 182) 
and Schafer (No. 190), but we are still as far as ever from explaining the 
mystery of the phenomenon. 

The ovum, enclosed by the zona radiata, passes into the Fallopian tube 
and undergoes a segmentation which has not been studied with great 
detail. On the close of segmentation, about six days after impreg- 
nation, it assumes (Hensen) a vesicular form not unlike that of other 
Mammalia. To the inner side of one wall of this vesicle is attached a 
mass of granular cells similar to the hyj>obla8tic mass in the blastodermic 
vesicle of the rabbit. The egg still lies freely in the uterus, and is 
invested by its zona radiata. The changes which next take place are in 
spite of BischofFs, Reichert’s (No. 188) and Henson’s observations still in- 
volved in great obscurity. It is cei-tain, however, that during the course of 
the seventh day a ring-like thickening of the uterine mucoiis membrane, on 
the free side of the uterus, gives rise to a kind of diverticulum of the 
uterine cavity, in which the ovum becomes lodged. Opposite the diver- 
ticulum the mucous memVjrane of the mesometric side of the uterus also 
becomes thickened, and this thickening very soon (shortly after the seventh 
day) unites with the wall of the diverticulum, and completely shuts off the 
ovum in a closed capsule. 

The history of the ovum during the earlier period of its inclusion in the 
diverticulum of the uterine wall is not satisfactorily elucidated. There 
appears in the diverticulum during the eighth and succeeding days a 
cylindrical body, one end of which is attached to the uterine walls at tlie 
mouth of the diverticulum. The opposite end of the cylinder is free, and 
contains a solid body. 

With reference to the nature of this cylinder two views have been j)ut 
forward. Reichert and Hensen regard it as an outgrowth of the uterine 
wall, while the body within its free apex is regarded as the ovum. 
Bischoff and Schafer maintain that the cylinder itself is the ovum attached 
to the uterine wall. The observations of the latter authors, and especially 
those of Schafer, appear to me to speak for the correctness of their view \ 

The cylinder gradually elongates uj) to the twelfth day. Before this 
period it becomes attached by its base to the mesometric thickening of the 
uterus, and enters into vascular connection with it. During its elongation 
it becomes hollow, and is filled with a fluid not coagulable in alcohol, while 
the body within its ajiex remains unaltered till the tenth day. 

’ Schafer’s and Heusen’s statements are in more or less direct contradiction as to 
the structure of the ovum after the formation of the embryo ; and it is not possible to 
decide between the two views about the ovum till these points of difference have been 
cleared up. 
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On this day a cavity develops in the interior of this body which at the 
same time enlarges itself. The greater part of its wall next attaches 
itself to the free end of the 


cylinder, and becomes con- 
siderably thickened. The 
remainder of the wall ad- 
joining the cavity of the 
cylinder becomes a com- 
paratively thin membrane. 
At the free end of the cy- 
linder there appears on the 
thirteenth day an embryonic 
area similar to that of other 
MammaliA It is at first 
round but soon becomes 
pyriform, and in it there 
appear a primitive streak 
and groove; and on their 
appearance it becomes ob- 
vious t/mt the outer layer of 
the cylinder is the hypoblast\ 
instead o/, as in all other 
Mammalia^ the ejtihlast ; and 
that theepiblast is formed by 
the wall of the inner vesicle^ 
i.e. the oriyinal solid body 
placed at the end of the 
cylinder. Thus the doi'sal 
surface of the embryo is 
turned inwards, and the 
ventral surface outw^ards, 
and the ordinary i)osition 
of the layer’s is completely 
inverted. 



Fia. 1()*2. Biaiuummatic lox(jitut>inal section 

THIlorCtll THE EMBR\0 OF A (jrUINEA-PIO WITH ITS 

MEMBRANES. (After Schafer.) 

e, epiblast; h. hypoblast; m\ amniotic mesohlast ; 
m". splanchnic mesohlast; aui. amnion; ci’. cavity 
of amnion; o//. allantois; f. rudimentary blastopore ; 
me. cavity of vesicle continuous with body-cavity; 
mm. mucous membrane of uterus; m'm', parts where 
vascular uterine tissue perforates hypoblast of blas- 
todermic vesicle; rt. uteiine vascular tissue; I, limits 
of uterine tissue. 


The previously cylindrical egg next assumes a spherical form, and the 
mesoblast arises in connection with the primitive streak in the manner 
already described. A splanchnic layer of mesoblast attaches itself to the 
inner side of the outer hypoblastic w^all of the egg, a sf»matic layer to the 
(Epiblast of the inner vesicle, and a mass of mesoblast grows out into the 
cavity of the larger vesicle forming the commencement of the allantois. 
The general structure of the ovum at this stage is represented on fig. 162, 
copied from Schafer ; and the condition of the whole ovum will best be 
understood by a descri})tion of this figure. 

It is seen to consist of two vestclcs, (1) an outer larger one (h ) — the 
original egg-cylinder — united to the mesometric w’all of the uterus by a vas- 
cular connection at 7n fn\ and (2) an inner smaller one (ev ) — the originally 
solid body at the free end of the egg-cylinder. The outer vesicle is formed of 
(1) an external lining of columnar hypoblast (h) which is either pierced or 


^ According to Hensen the h^^poblaat grows round the inside of the wall of the 
cylinder from the body which he regards as the ovum. The original wall of the 
cylinder persists as a very thin layer separated from the hypoblast by a membrane. 
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inva^nated at the area of vascular connection with the uterus, and (2) of 
an inner layer of splanchnic mesoblast (tn") which covers without a break 
the vascular uterine growth. At the upper i>ole of the ovum is placed 
the smaller epiblastic vesicle, and where the two vesicles come together is 
situated the embryonic area with the })rimitive streak (/), and the 
medullary plate seen in longitudinal section. The thinner wall of the 
inner vesicle is formed of epiblast and somatic mesoblast, and covers over 
the dorsal face of the embryo just like the amnion. It is in fact usually 
spoken of as the amnion. The large cavity of the outer vesicle is continuous 
with the body cavity,, and into it projects the solid mesoblastic allantois 
(a^), so far without hypoblast^. 

The outer vesicle corresponds exactly with the yolk-sack, and its meso- 
blastic layer receives the ordinary vascular supply. 

The embryo becomes folded off from the yolk-sack in the usual way, but 
comes to lie not outside it as in the ordinary form, but in its interior, 
and is connected with it by an umbilical stalk. The yolk-sack forms 
the substitute for part of the subzonal membrane of other Mammalia. 
The so-called amnion appears to me from its development and position 
rather to correspond with the non-embryonic part of the epiblastic wall 
(true subzonal membrane) of the blastodermic vesicle of the ordinary 
mammalian forms than with the true amnion ; and a true amnion would 
seem not to be developed. 

The allantois meets the yolk-sack on about the seventeenth day at the 
region of its vascular connection with the uterine wall, and gives rise to 

the placenta. A diagrammatic 
representation of the structure 
of the embryo at this stage is 
given in fig. 163. 

The peculiar invei’sion of the 
layers in the Guinea-pig has 
naturally excited the curiosity 
of embryologists, but as yet no 
satisfactory explanation has been 
offered of it. 

At the time when the ovum 
first becomes fixed it will be re- 
membered that it resembles the 
early blastodermic vesicle of the 
Rabbit, and it is natural to sup- 
pose that the aj)parently hypo- 
blastic mass attached to the 
inner wall of the vesicle becomes 
the solid body at the end of the 
egg-cylinder. This appears to be 
BischofTs view, but as shewn 
above, the solid mass is really 
the epiblast ! Is it conceivable 
that the hypoblast in one s^iecies 

1 Hensen states that the hypoblast never grows into the allantois ; while Bischoff 
though not very precise on the point, implies that it does ; he states however that it 
soon disappears. 



Pig. 163 . Diaobammatic longitudinal sec- 
tion OF AN OVUM OF A GUINEA PIG AND THE 
ADJACENT UTERINE WALLS AT AN ADVANCED STAGE 
OF PREGNANCY. (After Bischoff.) 

yk, inverted yolk -sack (umbilical vesicle) 
formed of an external hypoblastic layer (shaded) 
and an internal vascular layer (black). At the 
end of this layer is placed the sinus termiualis ; 
all, allantois; pi, placenta. 

The external shaded parts are the uterine 
walls. 


MAMMA1AA, 


221 


becomes the epiblast in a closely allied species] To my mind it is not 
conceivable, and I am reduced to the hypothesis, put forward by Hensen, 
that in the course of the attachment of the ovum to the wall of the uterus 
a rupture of walls of the blastodermic vesicle takes place, and that they 
become completely turned inside out. It must be admitted, however, that 
in the present state of our knowledge of the development of the ovum on 
the seventh and eighth days it is not possible to frame a satisfactory 
explanation how such an inversion can take place. ^ 

The TT titw% ti Embryo, Our knowledge as to tie early development 
of the human embryo is in an unsatisfactory state. The positive facts 
we know are comparatively few, and it is not possible to construct from 
them a history of the development which is capable of satisfactory com- 
parison with that in other forms, unless all the early embryos known are 
to be regarded as abnormal. The most remarkable feature in the develop- 
ment, which was firet clearly brought to light by Allen Thomson in 1839, 
is the very early appearance of branched villi In the last few years 
several ova, even younger than those described by Allen Thomson, have 
been met with, which exhibit this peculiarity. 

The best-preserved of these ova is one described by Reichert (No. 237). 
This ovum, though probably not more than thirteen days old, was com- 
pletely enclosed by a decidua reflexa. It had (fig. 164 A and B) a 
flattened oval form, measuring in its two diameters 5*5 mm. and 3*5 mm. 
The edge was covered with branched villi, while in the centre of each of 
the flattened surfaces there was a spot free from villL On the surface 



Fio, 1G4. The human ova during early stages op development. 

(From Quaiu’s Anatomy.) 

A. and B, Front and side view of an ovum figured by Beichert, supposed to be 
about tliirteen days, e, embryonic area. 

C. An ovum of about four or five weeks shewing the general structure of the ovum 
before the formation of the placenta. Part of the wall of the ovum is removed to shew 
the embryo in situ^ (After Allen Thomson.) 


adjoining the uterine wall was a darker area (e) foi’med of two layers of 
cells, which is interpreted by Reichert as the embryonic area, while the 
membrane forming the remainder of the ovum, including the branched 
villi, was stated by Reichert to be comj)Osed of a single row of epithelial 
cells. 

Whether or no Reichert is correct in identifying his darker sjjot 
as the embryonic area, it is fairly certain from the later observations of 
Beigel and Lowe (No. 228 ), Ahlfeld (No. 227 ), and Kollmann (No. 234 ) on 
ova nearly as young as that of Reichert, that the wall of very young ova 
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has a more com^>licated structure than Reichert is willing to admit. These 
authors do not however agree amongst themselves, but from Kollmann’s 




Fig. 165, Three early human embryos. (Copied from His.) 

A. An early embryo described by His from tbe side. am. amnion ; um. umbilical 
vesicle ; ch. chorion, to which the embryo is attached by a stalk. 

B. Embryo described by Allen Thomson about 12 — 14 days. vm. unibilicfil 
vesicle; md. medullary groove. 

C. Young embryo described by His. i/m. umbilical vesicle. 

description, which appears to me the most satisfactory, it is i)roV»able that it 
is composed of an outer epithelial layer, and an inner layer of connective 
tissue, and that the connective tissue extends at a very early period into 
the villi ; so that the latter are not hollow, as Reicliert supposed them 
to be. 

The villi, which at first leave the flattened poles free, seem soon to 
extend first over one of the flat sides, and finally over the whole ovum 
(fig. 164 C). 

Unless the two-layered region of Reicheit’s ovum is the embryonic 
area, nothing which can clearly be identified as an embryo has been 
detected in these early ova. In an ovum described by Breus (No. 228), 
and in one described long ago by Wharton-Jones a mass found in the 
interior of the egg may perhaps be interpreted (His) as the remains of the 
yolk. It is, however, very probable that all the early ova so far discovered 
ai’e more or less pathological. 

The youngest ovum with a distinct embryo is one described by His 
(No. 232). This ovum, which is diugraramatically represented in fig. 
168 in longitudinal section, had the form of an oval vesicle completely 
covered by villi, and about 8*5 mm. and 5*5 mm. in its two diameters, and 
flatter on one side than on the other. An embryo with a yolk-sack was 
attached to the inner side of the flatter wall of the vesicle by a stalk, 
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which must be regarded as the allantoic stalk and the embryo and yolk- 
sack filled up but a very small part of the whole cavity of the vesicle. 

The embryo, which was probably not quite normal (fig. 165 A), was 
very imperfectly developed ; a medullary plate was hardly indicated, and, 
though the mesoblast was unsegmented, the head fold, separating the 
embryo from the yolk-sack {um), was already indicated. The amnion (am) 
was completely formed, and vitelline vessels had made their appearance. 

Two embryos described by Allen Thomson (No. 239) are but slightly 
older than the above embryos of His. Both of them|probably belong to 
the first fortnight of pregnancy. In both cases the embryo was more or 
less folded off from the yolk-sack, and in one of them the medullary groove 
was still widely open, except in the region of tlie neck (fig. 165 B), The 
allantoic stalk, if present, was not clearly made out, ‘and the condition 
of the amnion was also not fully studied. The smaller of the two ova was 
just 6 mm. in its largest diameter, and was nearly completely covered 
with simple villi, more developed on one side than on the other. 

In a somewhat later period, about the stage of a chick at the end of the 
second day, the medullary folds are cornplet(*ly closed, the region of the 
brain already marked, and the cranial flexure commencing. The mesoblast 
is divided up into numerous somites, and the mandibular and first two 
branchial arches are indicated. The embryo is still but incompletely folded 
off from the yolk- sack below. 

In a still older stage the cranial flexure becomes still more pronounced, 
placing the mid-brain at the end of the long axis of the body. The body 
also begins to be ventrally curved (fig. 165 C). 

Externally human embryos at this age are characterized by the small 
size of the anterior end of the head. 

The flexure goes on gradually increasing, and in the third week of 
pregnancy in embryos of about 4 mrn. the limbs make their appearance. 
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FlO. KJC. Two VIEWS OF a human KMBHYO of between the THIBl) ANP FOURTH WEEK. 

A. Side view. (From KoUiker ; after Allen Thomson.) a, amnion; b, umbilical 
vesicle; c. mandibular arch ; r. hyoid arch ; /. commencing anterior limb; g, primitive 
auditory vesicle ; /i. eye; /. heart. 

B. Dorsal view to shew the attachment of the dilated allantoic stalk to the 
chorion. (From a sketch by Allen Thomson.) am, amnion; all, allantois; ys, yolk-sack. 

1 Allen Thomson informs me that he is very confident that such a form of att^h- 
ment between the hind end of the embryo and the wall of the vesicle, as that described 
and figured by His in this embryo, did not exist in any of the younger embryos 
examined by him. 
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The embryo at this stage (fig. 166), which is about equivalent to that of a 
chick on the fourth day, resembles in almost every respect the normal 
embryos of the Amniota. The cranial flexure is as pronounced as usual, 
and the cerebral re^on has now fully the normal size. The whole body 
soon becomes flexed ventrally, and also somewhat spirally. The yolk- 
sack (6) forms a small spherical appendage with a long wide stalk, and the 
embryo (B) is attached by an allantoic stalk with a slight swelling (a//), 
probably indicating the presence of a small hypoblastic diverticulum, to 
the inner face of the chorion. 

A remarkable exception to the embryos generally observed is afforded 
by an embryo which has been describe by Krause (No. 235). In this 
embryo, which probably belongs to the third week of pregnancy, the limbs 
were just commencing to be indicated, and the embryo was completely 
covered by an amnion, but instead of being attached to the chorion by an 
allantoic cord, it was quite free, and was provided with a small spherical 
sack-like allantois, very similar to that of a fourth-day chick, projected 
from its hind end. 



Fig. 167. Figures shewing the early changes ih the eorm op the human 
HEAD. (From Quain’s Amtomy. ) 

A. Head of an embryo of about four weeks. (After Allen Thomson.) 

B. Head of an embxjo of about six weeks. (After Ecker.) 

C. Head of an embryo of about nine weeks. 

1. mandibular arch ; 1'. persistent part of hyomandibular cleft; a. auditory vesicle. 

No details are given as to the structure of the chorion or the presence 
of villi upon it. The presence of such an allantois at this stage in a 
human embryo is so unlike what is usually found that Krause's statements 
have been received with considerable scepticism. His even holds that the 
embryo is a chick embryo, and not a human one ; while Kdlliker regards 
Krause's allantois as a pathological structure. The significance to be 
attached to this embryo is dealt with below, 

A detailed history of the further development of the human embryo 
does not fall within the province of this work ; while the later changes in 

the embryonic membranes have already been dealt with (pp. 202 205). 

For the changes which take plaoe on the formation of the face 1 may 
refer the reader to fig. 167. ^ 

The most obscure point connected with the early history of the human 
ovum concerns the first formation of the allantois, and the nature of the villi 



MAMMALIA. 


225 


covering the surface of the ovum. The villi, if really formed of mesoblast 
covered by epiblast, have the true structure of chorionic villi; and can 
hardly be compared to the early villi of the dog which are derived from 
the subzonal membrane, and still less to those of the rabbit formed from 
the zona radiata. 

Unless all the early ova so far described are pathological, it seems to 
follow that the mesoblast of the chorion is formed before the embryo is 
definitely established, and even if the pathological character of these ova 
is admitted, it is nevertheless probable (leaving Kradle’s embryo out of 
account), as shewn by the early embryos of Allen Thomson and His, that 
it is formed before the closure of the medullary groove. In order to meet 
this difficulty His supposes that the embryo never separates from the 
blastodermic vesicle, but that the allan- 
toic stalk of the youngest embryo (fig. 

168) represents the persistent attachment 
between the two^ His^ view has a good 
deal to be said for it. I would ventuixj, 
however, to suggest that lleichei*t*s em- 
bryonic area is probably not in the two- 
layered stage, but that a mesoblast has 
already become established, and that it 
has grown round the inner face of the 
blastodermic vesicle from the (apparent) 
posterior end of the primitive streak. 

1 , IT » TliUlNAJLi HKULiUn UJJ AJIB UTUM, XU 

This growth 1 regard as a precocious which the embryo (fig. 165 A) bk- 
formiUion of the mesobldst of the allantois loxoeb. (After His. ) 

— an exaggeration of the early formation Am, amnion; Nh, umbilical vesicle, 
of the allantoic mesoblast which is cha- 
racteristic of the Guinea-pig (vide p, 220). This mesoblast, together 
with the epiblast, forms a true chorion, so that in fig. 168, and probably 
also in fig. 164 A and B, a true chorion has already liecome established. 
Tlie stalk connecting the embryo with the chorion in His’ earliest embryo 
(fig. 168) is therefore a true allantoic stalk into which the hypoblastic 
allantoic diverticulum grows in for some distance. How the yolk-sack 
(umbilical vesicle) is formed is not clear. Perhaps, as suggested by His, 
it arises from the conversion of a solid mass of primitive hypoblast directly 
into a yolk-sack. The amnion is probably formed as a fold over the head 
end of the embryo in the manner indicate in His’ diagram (fig. 168 Am), 

These speculations have so far left Krause’s embiyo out of account. 
How is this embryo to be treated 1 Krause maintains that all the other 
embryos shewing an allantoic stalk at an early age are pathological. This, 
though not impossible, appeal's to me, to say the least of it, improbable ; 
especially when it is bonie in mind* that embryos, which have every ap- 
pearance of being normal, of about the same age and younger than 
Krause’s, have been frequently observed, and have always been found 
attached to the chorion by an allantoic stalk. 

We are thus provisionally reduced to suppose either that tlie structure 
figured by Krause is not the allantois, or that it is a very abnormsl 
allantois. It is perhaps just possible that it may be an abnoi'mally 

^ For s fuller explanation of HIh’ views I must refer the reader to his Memoir 
(No. 33 a), pp. 170 , 171, and to the diagrams contained in it. 

B. E. 11. 



Fig. 168. Diagrammatic longi- 
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developed hypoblnstic vesicle of the allantois artihcially detached from 
the mesoblastic layer, — the latter having given rise to the chorion at an 
earlier date. 
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CHAPTER XL 


COMPARISON OF THE FORMATION OF THE GERMINAL 
LAYERS AND OF THE EARLY STAGES IN THE 
DEVELOPxMENT OF VERTEBRATES. 


Although the preceding chapters of this volume contain a fairly 
detailed account of the early developmental stages of different groups 
of the Chordata, it will nevertheless be advantageous to give at 
this place a short comparative review of the whole subject. 

In this review only the most important points will be dwelt upon, 
and the reader is referred for the details of the processes to the 
sections on the development of the individual group.s. 

The subject may conveniently be treated under three heads. 

(1) The formation of the gastrula and behaviour of the blastopore : 
together with the origin of the hypoblast. 

(2) The mesoblast and notochord. 

(3) The epiblast. 

At the close of the chapter is a short summary of the organs 
derived from the several layers, together with some remarks on the 
growth in length of the vertebrate embryo, and some suggestions as 
to the origin of the allantois and amnion. 

Formation of the gastrula. Amphioxus is the type in which 
the developmental phenomena are least interfered with by the 
presence of food-yolk. 

In this form the segmentation results in a uniform, or nearly 
uniform, blastosphere, one wall of which soon becomes thickened and 
invaginated, giving rise to the liypoblast; while the larva takes the 
form of a gastrula, with an archenteric cavity opening by a blasto- 
pore. The blastopore rapidly narrows, while the embryo assumes an 
elongated cylindrical form with the blastopore at its hinder extremity 
(fig. 169 A). The blastopore now passes to the dorsal surface, and by 
the flattening of this surface a medullary plate is formed extending 
forwards from the blastopore (tig. 169 B). On the formation of 
the medullary groove and its conversion into a canal, the blastopore 
opens into this canal, and gives rise to a neurenteric passage, leading 
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from the neural canal into the alimentary tract (fig. 169 C and E). 



Fio. 169. Embryos of Amphioxuh. (After Kowalevsky.) 

The parts in black with white lines are epiblastic ; the shaded parts are hypoblastic. 

A. Gastmla stage in optical section. 

B. Slightly later stage after the nenral plate np has become differentiated, seen as 
a transparent object from the dorsal side. 

C. Lateral view of a slightly older larva in optical section. 

B. Dorsal view of an older larva with the neural canal completely closed except 
for a small pore (no) in front. 

E. Older larva seen as a transparent object from the side. 

hi. blastopore (which becomes in D the neurenteric canal); ve. nenrenteric canal; 
np. neural or medullary plate ; no. anterior opening of neural canal; ch. notochord; 
< 0 ^ 80 ^^. first and second mesoblastic somites. 

At a later period this canal closes, and the neural and alimentary 
canals become separated. 

Such is the simple history of the layers in Amphioxus. In the 
simplest types of Ascidians the series of phenomena is almost the 
same, but the blastopore assumes a more definitely dorsal position. 

Here also the blastopore lies at the hinder end of the medullary 
groove, and on the closure of the groove becomes converted into a 
neurenteric passage. 

In the true Vertebrates the types which most approach Amphioxus 
are the Amphibia, Acipenser and Petromyzon. We may take the 
first of these as typical (though Petromyzon is perhaps still more so) 
and fig. 170 A B C D represents four diagrammatic longitudinal 
vertical sections through a form belonging to this group (Bombinator). 
The food-yolk is here concentrated in what I shall call the lower pole 
of the egg, which becomes the ventral aspect of the future embryo. 
The part of the egg containing the stored-up food-yolk is, as has already 
been explained in the chapter on segmentation (Vol. I. pp. 77 and 78), 
to be regarded as equivalent to part of those eggs which do not contain 
food-yolk; a fa(?t which requires to be borne in mind in any attempt 
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to deal comparatively with the formation of the layers in the Verte- 
brata. It may be laid down as a general law, which holds very 
accurately for the Vertebrata, that in eggs in which the distribution of 
food-yolk is not uniform, the size of the cells resulting from segmen- 
tation is proportional to the quantity of food-material they contain. 
In accordance with this law the cells of the Amphibian ovum are of 
unequal size even at the close of segmentation. They may roughly 
be divided into two categories, viz. the smaVer cells of the upper 
pole and the larger of the lower (fig. 170 A). The segmentation 
cavity {sg) lies between the two, but is unsymmetrically placed near 
the upper pole of the egg, owing to the large bulk of the ventrally 
placed yolk-segments. In the inequality of the cells at the close of 
segmentation the Amphibia stand in contrast with Amphioxus. The 


















FlO. 170. DlAaRAMMATIC LONGITUDINAL SECTIONS THKOUGII THE EHBBYO OP Bosi- 
BINATOR AT TWO STAGES, TO SHEW THE PORMATION OF THE GERMINAL LAYERS. (Modifie i 

from Gdtte.) 

ep, epiblast; m. dorsal mesoUast; m', ventral mesoblast; /ly. hypoblast; pk. yolk; 
jr. point of junction of the epiblast and hypoblast at the dorsal side of the blastopore ; 
at, mesenteron; sg. segmentation cavity. 
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upper cells are mainly destined to form the epiblast, and the lower 
the hypoblast and mesoblast. 

The next change which takes place is an invagination, the earliest 
traces of which are observable in fig. 170 A. The invagination is not 
however so simple as in Amphioxus. Owing in fact to the presence 
of the food-yolk it is a mixture of invagination by epibole and by 
embole. 

At the point marked x in fig. 170 A, which corresponds with the 
future hind end of the embryo, and is placed on the equatorial line 
marking the junction of the large and small cells, there takes place 
a normal invagination, which gives rise solely to the hypoblast of 
the dorsal wall of the alimentary tract and to part of the dorsal meso- 
blast. The invaginated layer grows inwards from the point x along 
what becomes the dorsal side of the embryo ; and between it and the 
yolk-cells below is formed a slit-like space (fig. 170 B and C). This 
space is the mesenteron. It is even better shewn in fig. 171 re- 
presenting the process of invagination in Petromyzon. The point x in 
fig. 170 where epiblast, mesoblast and hypoblast are continuous, is 
homologous with the dorsal lip of the bla.stopore in Amphioxus. In 
the course of the invagination the segmentation cavity, as in Amphi- 
oxus, becomes obliterated. 

While the above invagination has been taking place, the epiblast 
cells have been simply growing in an epibolic fashion round the yolk ; 
and by the stage represented in fig. 170 C and D the exposed surface 
of yolk has become greatly diminished ; and an obvious blastopore is 
thus established. Along the line of the growth a layer of mesoblast 
cells {m \ continuous at the sides with the invaginated mesoblast layer, 
has become differentiated from the small cells (fig. 170 A) intermediate 
between the epiblast cells and the yolk. 

Owing to the nature of the above process of invagination the 
mesenteron is at first only provided with an epithelial wall on its 
dorsal side, its ventral wall being formed of yolk- cells (fig. 170). At 
a later period some of the yolk-cells become transformed into the epi- 
thelial cells of the ventral wall, while the remainder become enclosed 
in the alimentary cavity and employed as pabulum. The whole of 
the yolk-cells, after the separation of the mesoblast, are however 
morphologically part of the hypoblast. 

The final fate of the blastopore is nearly the same as in Amphi- 
oxus. It gradually narrows, and the yolk-cells which at first plug it 
up disappear (fig. 170 C and D). The neural groove, which becomes 
formed on tlje dorsal surface of the embryo, is continued forwards 
from the point x in fig. 170 C. On the conversion of this groove 
into a canal the canal freely opens behind into the blastopore ; 
and a condition is reached in which the blastopore still opens to 
the exterior and also into the neural canal fig. 170 D. In a 
later stage (fig. 172) the external opening of the blastopore becomes 
closed by the medullary folds meeting behind it, but the passage 
connecting the neural and alimentary canals is left. There is one 
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small ditference between the Frog and Amphioxus in the relation 
of the neural canal to the blastopore. In both types the medullary 
folds embrace and meet behind 


it, so tliat it comes to oc- 
cupy a position at the hind 
extremity of the medullary 
groove. In Amphioxus the 
closure of the medullary folds 
commences behind, so that the 
external opening of the blas- 
topore is obliterated simul- 
taneously with the commenc- 
ing formation of the medullary 
canal; but in the Frog the 
closure of the medullary folds 
commences anteriorly and pro- 
ceeds backwards, so that the 
obliteration of the external 
opening of the blastopore is a 
late event in the formation of 
the medullary canal. 





Fig. 171. L(»ngitudinal vertical section 
THBODGH AN EMBRYO OF PeTROMYZON OF 136 


me. mesoblast; yk. yolk-cells; al. alimen- 
tary tract; hi. blastopore; s.c. segmentation 
cavity. 


The anus is formed (vide fig. 172) some way in front of the 
blastojiore, and a post- anal gut, continuous with the neurenteric canal, 
is thus established. 


Both the post-anal gut 
and the neurenteric 
canal eventually dis- 
appear. 

The two other types 
classed above with the 
Amphibia, viz. Petro- 
niyzon and Acipenser, 
Jigree sufficiently close- 
ly with them to require 
no special mention ; but 
with reference to both 
types it may be pointed 
out that the ovum con- 
tains relatively more 



Fio. 172 Loncutudinal section through an ad- 
vanced EMBRYO OF Bombinator. (After Gotte.) 

VI. mouth; aw. anus; /, liver; ne, neurenteric canal ; 
me. medullary canal; ch. notochord; pn. pineal gland. 


food-yolk than that of 

the Amphibian type just described, and that tliis leads amongst other 
things to the lower layer cells extending up the sides ot the segmen- 
tation cavity, and assisting in forming its roof. 

The next type to be considered is that of Elasmobranchii. The 
yolk in the ovum of these forms is enormously bulky, and the seg- 
mentation is in consequence a partial one. At first sight the 
ilifferences between their development and that of Amphibia would 
appear to be very great. In order fully to bridge over the gult 
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which separates them I have given three diagrammatic longitudinal 
sections of an ideal form intermediate between Amphibia and Elasmo- 
branchii, which differs however mainly from the latter in the smaller 
amount of food-yolk; and by their aid I trust it will be made 
clear that the diflTerences between the Amphibia and Elasmobranchii 
are of an insignificant character. In fig. 174 A B C are represented 
three diagrammatic longitudinal sections of Elasmobranch embryos, 
and in fig. 173 ABC three longitudinal sections of the ideal inter- 
mediate form. The diagrams correspond with the Amphibian dia- 
grams already described (fig. 170). In the first stage figured there is 
present in all of these forms a segmentation cavity {sg) situated not 
centrally but near the surface of the egg. The roof of the cavity is 
thin, being composed in the Amphibian embryo of epiblast alone, and 
in the Elasmobranch of epiblast and lower layer cells. The floor of 
the cavity is formed of so-called yolk, which forms the main mass of 
the embryo. In Amphibia the yolk is segmented. In Elasmobranchii 
there is at first a layer of primitive hypoblast cells separating the seg- 
mentation cavity from the yolk proper; this however soon disappears, 
and an uusegmented yolk with free nuclei fills the place of the seg- 
mented yolk of the Amphibia. The small cells at the sides of the 
segmentation cavity in Amphibia correspond exactly in function and 
position with the lower layer cells of the Elasmobranch blashxlenn. 

The relation of the yolk to the blastoderm in the Elasmobranch 
embryo at this stage of development veiy well suits the view of its 
homology with the yolk-cells of the Amphibian embryo. The only 
essential difference between the two embryos arises from the roof of 
the segmentation cavity being formed in the Elasmobranch embryo of 
lower layer cells, which are absent in the Amphibian embryo. This 
difference no doubt depends upon the greater quantity of yolk 
in the Elasmobranch ovum, and a similar distribution of the lower 
layer cells is found in Acipenser and in Petromyzon. 

In the next stage for the Elasmobranch (fig. 173 and 174 B) and 
for the Amphibian (fig. 170 C) or better still Petromyzon (fig. 171) 
the agreement between the three type.s is again very close. For 
a small arc (x) of the edge <»f the bla.stodcrm the epiblast and 
hypoblast become continuous, while at all other parts the epiblast, 
accompanied by lower layer cells, grows round the yolk or round the 
large cells which correspond to it. The yolk-cells of the Amphibian 
embryo form a comparatively small mass, and are therefore rapidly 
enveloped ; while in the case of the Elasmobranch embryo, owing to 
the greater mass of the yolk, the same process occupies a long period. 
The portion of the blastoderm, where epiblast and hypoblast become 
continuous, forms the dorsal lip of an opening — the blastopore — 
which leads into the alimentary cavity. This cavity has the same 
relation in all the three cases. It is lined dorsally by lower layer 
cells, and ventrally by yolk-cells or what corresponds with yolk-cells ; 
a large part of the ventral epithelium of the alimentary canal being 
in bf)th cases eventually derived from the yolk. In Amphibia this 
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epithelium is formed directly from the existing cells, while in Elasmo- 
branchii it is derived from cells formed around the nuclei of the yolk. 




Fig. 17iJ. Tiirek diagrammatic longitudinal sections through an ideal type 
ojr Vertebrate embryo intermediate in the mode of formation of its layers 
between Amphibia or Petuomyzon and Elasmobranchii. 

sg, segincntation cavity ; ep, epiblaat; w. mesoblast; hy. hj^ioblast; nc. neural 
canal ; al. mesenteron ; n, nuclei of the yolk. 

As in the earlier stage, so in the present one, the anatomical 
relations of the yolk to the blastoderm in the one case (Elasmo- 
branchii) are nearly identical with those of the yolk-cells to the 
blastoderm in the other (Amphibia)*^ 

The main features in which the two embryos differ, during the 
stage under consideration, arise from the same cause as the solitary 
point of difference during the preceding stage. 

In Amphibia the alimentary cavity is formed coincidently with a 
true ingrowth of colls from the point where epiblast and hypoblast 
become continuous; and from this ingrowth the dorsal wall of the 
alimentary cavity is formed. The same ingrowth causes the oblitera- 
tion of the segmcnbition cavity. 
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In £lasmobranchs, owing probably to the larger bulk of the lower 
layer cells, the primitive hypoblast cells arrange themselves in their 
final position during segmentation, and no room is left for a true 
invagination ; but instead of this there is formed a simple space 
between the blastoderm and the yolk. The homology of this space 
with the primitive invagination cavity is nevertheless proved by the 
survival of a number of features belonging to the ancestral condition 
in which a true invagination was present. Amongst the more im- 
portant of these are the following: — (1) The continuity of epiblast 
and hypoblast at the dorsal lip of the blastopore. (2) The continuous 
conversion of primitive hyppblast cells into permanent hypoblast, 
which gradually extends inwards towards the segmentation cavity, 
and exactly represents the course of the invagination whereby in 
Amphibia the dorsal wall of the alimentary cavity is formed. (3) The 
obliteration of the segmentation cavity during the period when the 
pseudo-invagination is occurring. 

In the next stage there appear more important differences be- 
tween the two types than in the preceding stages, though here again 
the points of resemblance predominate. 

Figs. 170 D and 174 C represent longitudinal sections through 
embryos after the closure of the medullary canal. The neurenteric 
canal is established ; and in front and behind the epithelium of the 
ventral wall of the raesentoron hfis begun to be formed. 

The mesoblast is represented as having grown in between the 
medullary canal and the su])erjacent epiblast. 

There are at this stage two points in which the embryo Elasmo- 
branch differs from the corresponding Amphibian embryo, (1) In 
the formation of the neurenteric canal, there is no free passage leading 
into the mesenteron from the exterior as in Amphibia (fig. 170 D). 
(2) The whole yolk is not enclosed by the epiblast, aiid therefore 
part of the blastopore is still open. 

The difference between Amphibia and Elasmobranchii in the first 
of these points is due to the fact that in Elasmobranchii, as in 
Amphioxus, the neural canal becomes first closed behind ; and simul- 
taneously with its closure the lateral parts of the lips of the blasto- 
pore, which are continuous with the medullary folds, meet together 
and shut in the hindmost part of the alimentary tract. 

The second point is of some importance for understanding the 
relations of the formation of the layers in the amniotic and the non- 
araniotic Vertebrates. Owing to its large size the whole of the yolk 
in Elasmobranchii is not enclosed by the epibhist at the time when 
the neurenteric canal is established; in other words a small pos- 
terior and dorsal portion of the blastopore is shut off in the forma- 
tion of the neurenteric canal. The remaining ventral portion be- 
comes closed at a later period. Its closure takes place in a linear 
fashion, commencing at the bind end of the embryo, and proceeding 
apparently backwards ; though, as this part eventually becomes folded 
in to form the ventral wall of the embryo, the^ closure of it really 
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travels forwards. The process causes however the embryo to cease 
to lie at the edge of the blastoderm, and while situated at some 




Fig. 174. Diaobammatic longitudinal sections of an Elasmobrakch embryo. 

Epihlast without shading. Mesoblast black i^dth clear outlines to the cells. Lotcer 
layer celU and hi/poblaet with simple shading. 

ep, epiblast; m. mesoblast; a/, alimentary cavity; sg, segmentation cavity; nc. 
neui^ canal; ek notochord; .r. point where epiblast and hypoblast become continuous 
at the posterior end of the embiyo; n. nuclei of yolk. 

A. Bection of young blastoderm, with the segmentation cavity enclosed in the lower 
layer cells (primitive hypoblast). 

B. Older blastoderm with embryo in which hypoblast and mesoblast are distinctly 
formed, and in which the alimentary cavity has ap]:^ared. The segmentation cavity is 
still represented, though by this stage it has in reality disappeared. 

C. Older blastoderm with embryo in which the neural canal is formed, and is 
continuous posteriorly with the alimentary canal. The notochord, though shaded 
like mesoblast, belongs properly to the hypoblast. 

distance from the edge, to Ik? connected with it by a linear streak, 
representing the coalesced lips of the blastopore. The above pro- 
cess is diagrammatically represented in fig. 175 B ; while as it actually 
occurs it IS shewn in fig. 30, p. 52. Tlie whole closure of the blasto- 
pore in Elasmobranchii is altogether unlike what takes place in 
Amphibia, where the blastopore remains as a circular opening which 
gn^ually narrows till it becomes completely enveloped in the 
medullary folds (fig. 175 A). 

On the formation of the neurenteric canal the body of the embryo 
Elasmobrancb becomes gradually folded off from the yolk, which, 
owing to its great size, forms a large sack appended to the ventral 
aide of the body. The part of the soraatopleure, which grows round 
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it, is to be regarded as a modified portion of the ventral wall of the 
body. The splanchnopleure also envelopes it, so that, morphologically 
speaking, the yolk lies within the mesenteron. 

The Teleostei, so far as the first formation of the layers is concerned, 
resemble in all essential features the Elasmobranchii, but the neuren- 
teric canal is apparently not developed (?), owing to the obliteration 
of the neural canal; and the roof of the segmentation cavity is formed 
of epiblast only. 

In the preceding pages I have attempted to shew that the Am- 
phibia, Acipenser, Petromyzon, the Elasmobranchii and the Teleostei 
agree very closely in the mode of formation of the gastrula. The 
unsymmetrical gastrula or pseudo-gastrula which is common to them 
all is, 1 believe, to be explained by the form of the vertebrate body. 
In Amphioxus, where the small amount of food-yolk present is distri- 
buted uniformly, there is no reason why the invagination and resulting 
gastrula should not be symmetrical. In true Vertebrates, where more 
food-yolk is present, the shape and structure of the body render it 
necessary for the food -yolk to be stored away on the ventral side of 
the alimentary canal. It is this fact which causes the asymmetry of 
the gastrula, since it is not possible for the part of the ovum, which 
will become the ventral wall of the alimentary tract, and which is 
loaded with food-yolk, to be invaginated in the same fashion as the 
dorsal wall. 

Sauropsida. The comparison of the different types of the Ichthy- 
opsida is mirly simple, but the comparison of the Sauropsida with the 
Ichthyopsida is a far more difficult matter. In all the Sauropsida there 
is a large food-yolk, and the segmentation agrees closely with that 
in the Elasmobranchii. It might have been anticipated that the 
resemblance would continue in the subsequent development. This 
however is far from being the case. The medullary plate, instead of 
lying at the edge of the blastoderm, lies in the centre, and its forma- 
tion is preceded by that of a peculiar structure, the primitive streak, 
which, on the formation of the medullary plate, is found to lie at the 
hinder end of the latter and to connect it witli the edge of the blasto- 
derm. 

The possibility of a comparison between the Sauropsida and 
the Elasmobranchii depends upon the explanation being possible of 
(1) the position of the embryo near the centre of the blastodenn, 
and (2) the nature of the primitive streak. 

The answers to these two questions are, according to my view, 
intimately bound together. 

I consider that the embryos of the Sauropsida have come to occupy 
a central position in the blastoderm owing to the abbreviation of a pro- 
cess similar to that by which, in Elasmobranchii, the embryo is removed 
from the edge of the blastoderm; and that the primitive streak repre- 
sents the linear streak connecting the Elasmobranch embryo with the 
edge of the blastoderm after it has become removed from its previous 
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peripheral position, as well as the true neurenteric part of the Elas- 
mobranch blastopore. 



Firt. 175. Diagrams illubtraTino the position of the blastopore, and the relation 

OF THE embryo TO THE YOLK IN VARIOUS MEROBLASTIC VERTEBRATE OVA. 

A. Type of Frog. B. Elasmobranch type. C. Amniotic Vertebrate. 
mg, medullary plate ; ne, neurenteric canal ; hi, portion of blastopore adjoining the 
neurenteric canal. In B this part of the blastopore is formed by the edges of the blas- 
toderm meeting and forming a linear streak behind the embiy^o; and in C it forms the 
structure known as the primitive streak, yk, part of the yolk not yet enclosed by 
the blastoderm. 

Tliis view of the nature of the primitive streak, which is 
diagrammatically illustrated in fig. 175, will be rendered more clear 
by a brief review of the early developmental processes in the 
Sauropsida. 

After segmentation the blastoderm becomes divided, as in Elasmo- 
branchii, into two layers. It is doubtful whether there is any true 
representative of the segmentatioik cavity. The first structure to 
appear in the blastoderm is a linear streak placed at the hind end of 
the blastoderm, known as the primitive streak (figs. 175 C, hi and 176 
©r). At the front end of the primitive streak the epiblast and hypo- 
blast become continuous, just as they do at the dorsal lip of the 
blastopore in Elasmobranchii, Continued back from this point is a 
streak of fused mesoblast and epiblast to the under side of which a 
linear thin layer of hypoblast is more or less definitely attached. 

A further structure, best developed in the Lacertilia, appears in 
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the form of a circular passage perforating the blastoderm at the 
front end of the primitive streak (fig. 176 ne). This passage is 
bounded anteriorly by the layer of cells forming the continuation of 
the hypoblast into the epiblast. 

In the next stage the medullary plate becomes formed in front of 
the primitive streak (fig. 175 C), and the medullary folds are continued 
backwards so as to enclose the upper opening of the passage through 
the blastoderm. On the closure of the medullary canal (fig. 177) this 
passage leads from the medullary canal into the alimentary tract, and 
is therefore the neurenteric canal ; and a post-anal gut also becomes 
formed. The latter part of the above description applies especially to 
the Lizard : but in Chelonia and most Birds distinct remnants (vide 
pp. 135 and 136) of the neurenteric canal are developed. 

On the hypothesis that the Sauropsidan embryos have come to 
occupy their central position, owing to an abbreviation of a process 
analogous to the linear closing of the blastopore behind the embryos 
of Elasmobranchii, all the appearances above described receive a satis- 
factory explanation. The passage at the front end of the primitive 
streak is the dorsal part of the blastopore, which in Elasmobranchii 
becomes converted into the neurenteric canal. The remainder of the 
primitive streak represents, in a rudimentary form, the linear streak in 
Elasmobranchii, formed by the coalesced edges of the blastoderm, 
which connects the hinder end of the embryo with the still open yolk 
blastopore. That it is in later stages not continued to the edge of the 
blastoderm, as in Ehismobranchii, is due to its being a nidimentary 
organ. The more or less complete fusion of the layers in the primitive 
streak is simply to be explained by this structure representing the 
coalesced edges of the blastopore ; and the growth outwards from it 
of the mesoblast is probably a remnant of a primitive dorsal in- 
vagination of the mesoblast and hypoblast like that in the Frog. 





Fio. 176. Duobammatic lonoitupinal «kction op an RMituro of Lacrrta. 
pp. body-cavity; am. amnion ; ne. neurenteric canal ; c/i. notochord ; hy. hypoblaat ; 
ep. epiblast ; pr. primitive streak. In the primitive streak all the layers are partially 
fused. 

The final enclosure of the yolk in the Sauropsida takes place at 
the pole of the yolk-sack opposite the embryo, so that the blastopore 
is formed of three parts, (1) the neurenteric canal, (2) the primi- 
tive streak beliind this, (3) the blastopore at the pole of the yolk- 
sack opposite the embryo. 

Mainnialia, The features of the development of the placental 
Mammalia receive their most satisfactory explanation on the hypo- 
thesis that their ancestors were provided with a large-yolketl ovum 


COMPARISON OF THE GERMINAL LAYERS, 


241 


like that of the Sauropsida. The food-yolk must be supposed to have 
ceased to be de- 


veloped on the es- 
tablishment of a 
maternal nutrition 
through the uterus. 

On this hypo- 
thesis all the de- 
velopmental phe- 
nomena subse- 
quently to the for- 
mation of the blas- 
todermic vesicle re- 
ceive a satisfactory 
explanation. 

The whole of 



me 


Fio. 177. Diagrammatic LONQiTUDiNAii section through 

THE POSTERIOR END OF AN EMBRYO BiBD AT THE TIME OP 
THE FORMATION OF THE AlLANTOIS. 


the blastodermic 
vesicle, except the 
embryonic area, re- 
presents the yolk- 
sack, and the 


eji, epiblast; spinal canal; ch, notochord; nx. 

neurenteric canal; hy. hypoblast; p.a.g. postanal gut; pr. 
remains of primitive streak folded in on the ventral side; 
al. allantois; me. mesoblast; ati. point where anus will be 
formed; px. perivisceral cavity; a7n. amnion; so. somato- 
pleure; up, splanchnopleure. 


growth of the hy- 
poblast and then of the mesoblast round its inner wall represents the 


corresponding growths in the Sauropsida. As in the Sauropsida it 
becomes constricted off from the embryo, and the splanchnopleuric 


stalk of the sack opens into the ileum in the usual way. 


In the formation of the embryo out of the embryonic area the 
phenomena which distinguish the Sauropsida from the Ichthyop- 


sida are repeated. The embryo lies in the centre of the area ; and 
before it is formed there appears a primitive streak, from which there 
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grows out the greater part of the mesoblast. At the front end of the 
primitive streak the hypoblast and epiblast become continuous, 
though a perforated neurenteric blastopore has not yet been detected. 

All these Sauropsidan features are so obvious that they need not 
be insisted on further. The embryonic evidence of the common origin 
of Mammalia and Sauropsida, both as concerns the fonnation of the 
layers and of the embryonic membranes, is as clear as it can be. 
The only difficulty about the early development of Mammalia is 
presented by the epibolic gastrula and the formation of the blasto- 
dermic vesicle (figs. 178 and 179). That the segmentation is a com- 
plete one is no doubt a direct consecjuence of the reduction of the 
food-yolk, but the growth of the epiblast cells round the hypoblast 

and the final enclosure of 
the latter, which I have 
spoken of as giving rise to 
the epibolic gastrula, are 
not so easily explained. 

It might have been 
su])posed that this process 
was equivalent to the 
growth of the blastoderm 
round the yolk in the 
Sauroj)sida, but then the 
blastopore ought to be 
situated at the ])ole of the 
egg opposite to the em- 
bryonic area, while, accord- 
ing to Van Beneden, the 
embryonic area corresponds 
approxiinatidy to the blas- 
topore. 

Van Beneden reganls 
the Mammalian blastoj)ore 
c'ls equivalent to that in 
tlie Amphibia, but if the 
position previously adopted 
about the primitive streak is to be maintained. Van Beneden’s view 
must be abandoned. No satisfaetoiy phylogenetic explanation of tlie 
Mammalian gastrula by epibole has in my opinion as yet been offered. 

The formation of the blastodermic vesicle may perhaps be ex- 

I )lained on the view that in the Proto-mammalia the yolk-sack was 
arge, and that its blood-vessels took the place of the placenta 
of higher forms. On this view a reduction in the bulk of the ovarian 
ovum might easily have taken place at the same time that the 
presence of a large yolk-sack was still necessary for the purpose of 
affording surface of contact with the utenjs. 



HOUBS AFTER IMFBEOMATION. (After £. YBD 
Beneden.) 

hv, carity of blastodermic vesicle (yolk^sack) ; 
ep. epiblast; hy* primitive hypoblast; Zp, mu- 
cous envelope. 
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The formation of the Mesohlast and of the Notochord. 

Amphioxus. The mesoblast originates in Amphioxus, as in several 
primitive invertebrate types, from a pair of lateral diverticula, con- 
stricted off from the archenteron (fig. 180). Their formation com- 
mences at the front end of the body and is thence carried backwards, 
and each diverticulum contains a prolongation of the cavity of the 
archenteron. After their separation from the archenteron the dorsal 



Fia. 180. Sections of an Amphioxus embryo at tiirkk stages. (After Kowalcvsky.) 

A. Section at gastrula 8ta^^e. 

B. Section of an embryo slightly younger than that represented in fig. 1C9 T>. 

C. Section through the anterior part of an embryo at the stage represented in 
fig. Ifi9 E. 

?ij). neural plate ; nc. neural canal ; wen. archenteron in A and B, and mesenteron 
in C j ch. notochord ; so. mesoblastic somite. 

parts of these diverticula Ix^come divided by transverse septa into 
successive somitt‘s, the cavities of which eventually disappear ; while 
the walls become mainly converted into the muscle-plates, but also 
into the tissue around the notochord which corresponds with the 
vertebral tissue of the higlu*r Chordata. 

The ventral part of each diviuticulum, which is prolonged so as to 
meet its fellow in the middle ventral line, does not become divided 
into somiti‘S, but contains a continuous cavity, which becomes the 
body cavity of the adult. The inner 
layer of this part fiirins the .splanchnic 
mesobla.st, and the outer layer the so- 
matic mesoblast. 

The notochord would almost apjiear 
to arise as a third median and dorsal 
diverticulum of the archenteron (fig. 180 
ch). At any rate it aris(\s fis a central 
fold of the wall of this cavity, which is 
gradually constricted off from before 
backwards. 

IJrochorda. In simple Ascidians 
the above processes undergo a slight 
modification, which is mainly due (1) to 
a general simplification of the organiza- 
tion, and (2) to the non-continuation of 
the notochonl into the trunk. 


C/f 



qC 

Fig. 181. Tr.\nsverrp. optical 
section of the tail of an em- 
bryo OP PhaLLUSIA MAMMILLATA. 
(After Kowalevsky.) 

The section is from an embryo 

the nrr^ na lirt O *«t 

ch. 

canal; 

blast of tail. 
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The whole dorsal wall of the posterior part of the archenteron is 
converted into the notochord (fig. 181 ch), and the lateral walls into 
the mesoblast {me ) ; so that the original lumen of the posterior part 
of the archenteron ceases to be bounded by hypoblast cells, and dis- 
appears as such. Part of the ventral wall remains as a solid cord of 
cells (aV). The anterior part of the archenteron in front of the 
notochord passes wholly into the pennanent alimentary tract. 

The derivation of the mesoblast from the lateral walls of the 
posterior part of the archenteron is clearly comparable with the 
analogous process in Amphioxus. 

Vertebrata. In turning from Amphioxus to the true Vertebrata 
we find no form in which diverticula of the primitive alimentary 
tract give rise to the mesoblast. There is reason to think that the 
type presented by the Elasmobranchii in the formation of the meso- 
blast is as primitive as that of any otb(*r group. In this group the 

mesoblast is formed, nearly coin- 
cidently with the h}r].)oblast of 
the dorsal wall of the mesenteron, 
SIS two lateral sheets, one on each 
side of the middle line (fig. 182 
m). These two sheets are at first 
solid masses ; and their differen- 
tiation commences in front and 
is continued backwards. After 




FlO. 182. Two TRANSVERSE SECTIONS OF 
AN EMBRYO PRIBTIURUS OF THE SAME AGE AS 
FIG. 17. 

A. Anterior section. 

B. Posterior section. 


their formation the notochord 
arises from the axial portion of 
tlie hypoblast (which had no 
share in giving rise to the two 
mesoblast plates) as a solid 
thickening (fig. 183 c/t'), which 
is separated from it as a circular 
rod. Its differentiation, like that 
of the mesoblastic plates, com- 
mences in front. The mesoblast 


'medullary groove ; epiblast ; hy. plates subsequently become di- 
hypoblast; n.aZ. cells formed round the yided for their whole length into 

hypoblast; m, mesoblast. two layers, between which a 

The sections shew the origin of the C^ivity is developed (fig. 184). 
mesoblast. The dorsal parts of the plates 

... . • become divided by transverse 

partitions into somites, and these somites with their contained cavities 
are^ next separated from the more ventral parts of the plates (fig. 
185 mp). In the somites the cavities become eventually obliterated, 
and from their inner sides plates of tissue for the vertebral bodies 
(fig. 186 Vr)^ are separated ; while the outer parts, consisting of two 
sheets, containing the remains of the original cavity, form the muscle- 
plates (mp). 

The undivided ventral portion gives rise to the general somatic 
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and splanchnic mesoblast 
(fig. 185), and the cavity 
between its two layers con- 
stitutes the body cavity. 
The originally separate 
halves of the body cavity 
eventually meet and unite 
in the ventral median line 
throughout the greater 
part of the body, though 
m the tail they remain 
distinct and are finally ob- 
literated. Dorsally they 
are separated by the me- 
sentery. From the meso- 
blast at the junction of the 
dorsal and ventral parts 
of the primitive plates is 
formed the urinogeuital 
system. 

That the above mode 
of origin of the mesoblast 
and notochord is to be re- 
garded as a modification 
of that observable in Am- 
phioxus seems probable 
from the following con- 
siderations : — 

In the first place, the 
mesoblast is split oft’ from 
the hypoblast not as a 
single mass but as a pair 
of distinct masses, com- 
parable with the paired 
diverticula in Amphioxus. 
Secondly, the body cavity, 
when it appears in the 
mesoblast plates, does not 
arise as a single cavity^ but 
as a pair of canities, one 
for each plate of mesoblast; 
and these cavities remain 
permanently distinct in 
some parts of the body, 
and nowhere unite till a 
comparatively late period. 
Thirdly, the primitive body 
cavity of the embryo is 




Fig. 183. Three sections of a Pristxurus 

EMltRYO SLIGHTLY OLHER THAN FIG. 28 B. 

The sections shew the development of the noto- 
chord. 

Ch. notochord; Ch\ developing notochord; mff. 
medullary groove; Ip. lateral plate of mesoblast; 
ep. epiblast; hy. hypoblast. 



Fig. 184. Transverse section through the 

TAIL-REGION OF A PrISTIURUS EMBRYO OF THE SAME 
AGE AS FIG. 28 E. 
df, dorsal fin; 

cavity; sp, splsL^ , ... . 

somatic layer of mesoblast ; mp\ commencing dif- 
ferentiation of muscles ; ck. notochord ; x. sub- 
notochordal rod arising as an outgrowth of the 
dorsal wall of the alimentary tract; ah alimentary 
tract. 
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not confined to the region in which a 
body cavity exists in the adult, hut ex- 
tends to the summit of the muscle-plates, 
at first separating parts which become 
completely fused in the adult to form 
the great lateral muscles of the body. 

It is difficult to understand how the 
body cavity could thus extend into the 
muscle-plates on the supposition that it 
represents a primitive split in the meso- 
blast between the wall of the gut and 
the body- wall ; but its extension to this 
part is quite intelligible, on the hypo- 
thesis that it represents the cavities of 
two diverticula of the alimentary tract, 
from the muscular walls of which the 
voluntary muscular system has been de- 
rived ; and it may be pointed out that 
the derivation of part of the muscular 
system from what is apparently splanch- 
nic mesoblast is easily explained on 
the above hypothesis, but not, so far as 
I see, on any other. 

Such are the main features, presented 
by the mesoblast in Elasrnobranchii, 
which favour the view of its having 
originally formed the walls of the ali- 
mentaiy diverticula. Against this view 
of its nature are the facts (1) of the 
mesoblast plates being at first solid, ami 
(2) of the body cavity as a con- 



Fio. 18,). SkCTION THROUdH 
THE TRUNK OF A SCYLLIUM EMBRYO 
SLIGHTLY YOUNGER THAN 28 F. 


Hpinal caual; W. white 
matter of npinal cord; pr. poste- 
rior nerve-roots; vh. notochord; 
X. Kiih-noto(;hordal rod; ao. aorta; 
mp. muscle-plate; inp*. inner layer 
of muscle-plate already converted 
into muscles ; Vr. rudiment of 
\ertebral body; nt. segmental 
tube; M(i. segmental duct; «p.r. 
spiral valve; r. subintestinul vein ; 
p.o. primitive generative cells. 


sequence of this never commu- 
nicating with the alimentary 
canal. These points, in view of 
our knowledge of embryological 
modifications, cannot be regard- 
ed as great difficulties in my 
h 3 rpothesis. We have many ex- 
amples of organs, which, though 



in most cases arising as involu- 
tions, yet appear in other cases 


Fig. 180. Horizontal section through 

THE Tlir.VK OF AN EMRRYO OF ScYLLIUM CON- 


as solid ingrowths. Such ex- riokbably younger than 28 F. 


arnples are afforded by the optic 
vesicle, auditory vesicle, and 
probably also by the central ner- 
vous system of Osseous Fishes. 
In most Vertebrates these or- 
gans are formed as hollow in- 


Thc Hcction in taken at the level of the 
notochord, and hIicwh the Reparation of the 
cellH to form the vertebral bodies from the 
rnnHcIe-plates. 

e/i. notochord ; cp.epiblast; Fr. rudiment 
of vertebral body; mp. muHcle-plaie ; fnp\ 
portion of muscle-platc already differentiated 
into longitudinal muKoleH. 
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volutions from the exterior; in Osseous Fishes, however, as solid 
involutions, in which a cavity is secondarily established. 

There are strong grounds for thinking that in all Vertebrates the 
mesoblast plates on each side of the notochord originate independ- 
ently, much as in Elasmobranchii, and that the notochord is derived 
from the axial hypoblast ; but there are ^ome diflSculties in the appli- 
cation of this general statement to all cases. In Amphibia, Ganoids, 
and Petromyzon, where the dorsal hypoblast is formed by a process 
of invagination as in Amphioxus, the dorsal mesoblast also owes its 
origin to this invagination, in that the indifferent invaginated layer 
becomes divided into hypoblast and mesoblast. Amongst these forms 
the mesoblast sheet, when separated from the hypoblast, is certainly 
not continuous across the middle line in Petromyzon (Calberla) and 
the Newt (Scott and Osborn), and doubtfully so in the other forms. 
It arises, in fact, as in Elasmobranchii, as two independent plates. 
The fact of these plates originating from an invaginated layer can 
only be regarded in the light of an approximation to the primitive 
type found in Amphioxus. 

In Petromyzon and the Newt the whole axial plate of dorsal 
hypoblast becomes separated off from the rest of the hypoblast as the 
notochord, and this mode of origin for the notochord resembles more 
closely that in Amphioxus than the mode of origin in Elasmobranchii. 

In Teleostei, there is reason to think that the processes in the 
formation of the mesoblast accord closely with what has been de- 
scribed as typical for the Ichthyopsida, but there are still some points 
involved in obscurity. 

Leaving the Ichthyopsida, we may pass to the consideration of 
the Sauropsida and Mammalia. In both of these typos there is evi- 
dence to shew that a part of the mesoblast is formed in situ at 
the same time tis the hypoblast, from the lower strata of segmen- 
tation spheres. Tliis mesoblast is absent in the front part of the 
area pellucida, and on the formation of the primitive streak (blasto- 
pore), an outgrowth of mesoblast arises from it as in Amphibia, etc. 
From this region the mesoblast spreads as a continuous sheet to the 
sides and posterior part of the blastoderm. In the region of the embryo, 



Fn*. 187. Tuvnhvkrse section THuoron an embu\o IUbbit of eioht bays. 
ep. epiblast; me. mesoblast; hp. hypoblast; mg. medullary groove. 


its exact behaviour has not in some cases been quite satisfactorily made 
out. There are reasons for thinking that it appears as two sheets 
not vnited in the axial line in both Lacertilia (fig. 126) and Mammalia 
(fig. 187), and this to some extent hi>lds true for Aves {vide p. 130). 



248 


ME80BLAST AND NOTOCHORD, 


In Lacertilia (fig, 188) and Mammalia, the axial hypoblast becomes 
wholly converted into the notochord, which at the posterior end of 
the body is continued into the epiblast at the dorsal lip of the 
blastopore ; while in Birds tlje notochord is formed by a very similar 
(fig. 189 ch) process. 



Fiq. 180 . Diagrammatic longitudinal section through an embryo Lizard to smew 

THE relations OF THE NEURENTEKIC CANAL {tie) AND OF THE PRIMITIVE STREAK {jp/f), 

am, amnion; ep, epiblast; hy. hypoblast; ch, notochord; pp. body cavity; ne. 
neurenteric canal; pr, primitive streak. 

The above processes in the formation of the mesoblast are for the 
most part easily explained by a comparison with the lower types. 
The outgrowth of the mesoblast from the sides of the primitive 
streak is a rudiment of the dorsal invagination of hypoblast and 
mesoblast found in Amphibia ; and the apparent outgrowth of the 
mesoblast from the epiblast in the primitive streak is no more to be 
taken as a proof of the epiblastic origin of the mesoblast, than the 
continuity of the epiblast with the invaginated hypoblast and meso- 



Fig. 189 . Transverse section through the embryonic region of the blastoderm 

OF A Chick at the time of the formation of the notochord, but before the 

APPEARANCE OF THE MEDULLARY GROOVE. 

ep, epiblast; hy, hypoblast; ch, notochord; vie, mesoblast; n. nuclei in the yolk 
of the germinal wail yk, 

blast at the lips of the blastopore in the Frog of the derivation of 
these layers from the epiblast in this type. 

The division of the mesoblast into two plates along the dorsal 
line of the embryo, and the fonnation of the notochord from the 
axial hypoblast, are intelligible without further explanation. The 
appearance of part of the mesoblast before the formation of the 
primitive streak is a process of the same nature as the differenti- 
ation of hypoblast and mesoblast in Elasmobranchii without an 
invagination. 
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In the Sauropsida, some of the mesoblast of the vascular area would 
appear to be formed in situ out of the germinal wall, by a process of 
cell-formation similar to that which takes place in the yolk adjoiniug 
the blastoderm in Elasmobranchii and Teleostei. The mesoblast so 
formed is to be compared with that wliich arises on the ventral side 
of the embryo in the Frog, by a direct diflEerentiation of the yolk-cells. 

What was stated for the Elasmobranchii with reference to the 
general fate of the mesoblast holds approximately for all the other 
forms. 


The Epibhst. 

The epiblast in a large number of Chordata arises as a single 
row of more or less columnar cells. Since the epidermis, into which 
it becomes converted, is formed of two more or less distinct strata in 
all Chordata except Amphioxus and Ascidians, the primitive row of 
epiblast cells, when single, necessarily becomes divided in the course 
of development into two layers. 

In some of the Vertebrata, viz. the Anurous Amphibia, Tele- 
ostei, Acipenser, and Lej)idosteus, the epiblast is from the first 
formed of two distinct strata. The upper of these, formed of a single 
row of cells, is known as the epidermic stratum, and the lower, formed 
of several rows, as the nervous stratum. In these cases the two 
original strata of the epiblast are equivalent to those which appear at 
a later period in the other forms. Thus Vertebrates may be divided 
into groups according to the primitive condition of their epiblast, viz. 
a larger group with but a single stratum of cells at first; and a 
smaller group with two strata. 

While there is no great difficulty in determining the equivalent 
parts of the epidermis in these two groups, it still remains an open 
question in which of them the epiblast retains its primitive condition. 

Though it is not eavSy to bring conclusive proofs on the one side 
or the other, the balance of argument appears to me to be decidedly 
in favour of regarding the condition of the epiblast in the larger 
group as primitive, and its condition in the smaller group as 
secondary, and due to the throwing back of the differentiation of 
the epiblast to a very early period of development. 

In favour of this view may be urged (1) the fact that the simple 
condition is retained in Amphioxus through life. (2) The correlation 
in Amphibia, and the other forms belonging to this group, between 
a closed auditory pit and the early division of the epiblast into two 
strata ; there being no doubt that the auditory pit was at first per- 
manently open, a condition of the epiblast which necessitates its 
never having an external opening must clearly be secondary. (3) It 
appears more likely that a particular genetic feature should be thrown 
back in development, than that such an important feature, as a 
distinction between two primary layers, should be absolutely lost 
during an early period of development, and then re-appear in later 
stages. 
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THE CENTRAL NERVOUS SYSTEM. 


The fact of the epiblast of the neural canal being divided, like 
the remainder of the layer, into nervous and epidermic parts, cannot, 
I think, be used as an argument in favour of the opposite view to 
that here maintained. It seems probable that the central canal of 
the nervous system arose phylogenetically as an involution from the 
exterior, and that the epidermis lining it is merely part of the 
original epidermis, which has retained its primitive structure as a 
simple stratum, but is naturally distinguishable from the nervous 
structures adjacent to it. 

Where the epiblast is divided at an early period into two strata, 
the nervous stratum is always the active one, and takes the main 
share in forming all the organs derived from the layer. 

Formation of the central nervous system. In all Chordata an 
axial strip of the dorsal epiblast, extending from the lip of the 
blastopore to tlie anterior extremity of the head, and known as the 



Fio. 190. Sections op an Ampuioxus embryo at thkek staoeh. (After Kowalevsky.) 

A. Section at gastrula stage. 

B. Section of an embryo slightly younger than that represented in fig. 169 D. 

C. Section through Uie anterior part of an embryo at the stage represented in 
fig. 169 E. 

np. neural plate; nc. neural canal; mes. archenteron in A and B, and mescnteron 
in C; ch. notochord; «o. mesoblastic somite. 

medullary plate, becomes isolated from the remainder of the layer to 
give rise to the central nervous axi.s. 

According to the manner in which this takes place, three types 
may, however, be distinguished. In Amphioxus the axial strip be- 
comes first detached from the adjoining epiblast, which then meets 
and fonns a continuous layer above it (fig. 190 A and B up). The 
sides of the medullary plate, which is thus shut oflf from the surface, 
bend over and meet so as to convert the plate into a canal (fig. 1 90 C 
wc). In the second and ordinary type the sides of the medullary 
plate fold over and meet so as to form a canal before the plate 
becomes isolated from the external epiblast. 

The third type is characteristic of Lepidosteus, Teleostei, and 
Petromyzon. Here the axial plate becomes narrowed in such a 
way that it forms a solid keel-like projection towards the ventral 
surface (fig. 191 Me). This keel subsequently becomes separated 
fwm the remainder of the epidermis, and a central canal is after- 
wards developed in it. Calberla and Scott hold that the epidemic 
layer of the skin is involuted into tliis keel in Petromyzon, and 
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Calberla maintains the same view for Teleostei (fig. 32), but further 
observations on this subject are required. In the Teleostei a very 
shallow depression along the aitis of the keel is the only indication of 
the medullary groove of other forms. 

In Amphioxus (fig. 180), the Tunicata, Petromyzon (?), Elasmo- 
branchii (fig. 182), the Urodelaand Mamtialia (fig. 187), the epiblast 
of the medullary plate is only formed of a single row of cells at the 
time when the formation of the central nervous system commences ; 
but, except in Amphioxus and the Tunicata, it becomes several cells 
deep before the completion of the process. In other types the epi- 
blast is several cells deep even before the differentiation of a medul- 
lary plate. Iji the Anura, the nervous layer of the epidermis alone 



Flo. li#l. Section throcoh an embryo of Lepidosteus os tuf. fifth day 
afti:r impregnation. 

MC. medullaiy cord ; epiblast; Me, mesoblast; hij. hypoblast; Ch, notochord. 


is thickened in the formation of the central nervous system (fig. 72) ; 
and after the closure of the medullary canal, the epidermic layer fuses 
for a period with the nervous layer, though on the subsequent for- 
mation of the central epithelium of the nervous canal, there can be 
little doubt that it becomes again distinct. 

It seems almost certain tliat the formation of the central nervous 
system from a solid keel-like thickening of the epidermis is a derived 
and secondary mode ; and tliat the folding of the medullary plate into 
a canal is primitive. Apart from its greater frequency the latter 
mode of formation of the central nervous system is shewn to be 
the primitive type by the fact that it otters a simple explanation of 
the presence of the central canal of the nervous system ; while the 
existence of such a canal cannot easily be explained on the assumption 
tliat the central nervous syvstem was originally developed as a keel- 
like thickening of the epiblast. 

It is remarkable that the primitive medullary plate rarely ex- 
hibits any indication of being formed of two symmetrical halves. Such 
indications are, however, found in the Amphibia (fig. 192 and fig. 
72) ; and, since in the adult state the nervous cord exhibits nearly as 
distinct tnices of being fonned of two united strands as does the 
ventral nerve-cord of many Chietopods it is quite possible that the 
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Ttihy 


structure of the medullary plate in Amphibia may be more primitive 
than that in other types \ 

Formation of the organs of special sense. The more important 
parts of the organs of smell, sight, and hearing are derived from the 

epiblast; and it has been as- 
serted that the olfactory pit, 
optic vesicles and auditory 
pit take their origin from a 
special sense plate, continuous 
at first with this medullary 
plate. In my opinion this 
view cannot be maintained. 

In the case of the ^roup 
of forms in which the epiblast 
is early divided into nervous 
and epidermic layers, the 
former layer alone becomes 
involuted in the formation 
of the auditory pit and the 
lens, the external openings 
of which are never developed, 
while it is also mainly con- 
cerned in the formation of the olfactory pit. 
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Fio. 192. Transverse section throuoh the 
CEPHAJJC region OF A YOUNG NkWT EMBRYO. 
(After Scott and Osborn.) 

In.hy, invaginated hypoblast, the dorsal part 
of which will form the notochord; ep. epiblast 
of neural plate; »p. splanchnoplenre; al. ali- 
mentary tract ; yk. and Yhy. yolk-cells. 


Summary of the more important Organs derived from the three ger- 
minal layers. 

The epiblast primarily gives origin to two very important parts of 
the body, viz. the central nervous system and tlie e))idermis. 

It is from the involuted epiblast of tlie neural tube that the 
whole of the grey and white matter of the brain and spinal cord 
appear to be developed, the simple columnar cells of the epiblast 
being directly transformed into the characteristic multipolar nerve 
cells. The whole of the .sympathetic nervous system and the peri- 
pheral nervous elements of the body, including both the spinal and 
the cranial nerves and ganglia, are epiblastic in origin. 

The epithelium (ciliated in the young animal) lining the canalis 
centralis of the spinal cord, together with that lining the ventricles 
of the brain, is the undifferentiated remnant of the primitive 
epiblast. 

The epiblast also forms the epidermis ; not however the dermis, 
which is of mesoblastic origin. The line of junction between the 


A parallel to the unpaired medullary plate of most Chordata is supplied by the 
embiyologically unpaired ventral cord of most (iephyrea and some Crustacea. In these 
forms there can be little doubt that the ventral cord has arisen from the fusion of 
two originally independent strands, so that it is not an extremely improbable hypothesis 
to suppose that the same may have been the case in the Chordata. 
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epibWt and the mesohlast coincides with that between the epi- 
dermis and the dermis. From the epiblast are fonned all such 
tegumentary organs or parts of organs as are epidermic in nature. 

In addition to the above, the epiblast plays an important part in 
the formation of the organs of special sense. 

According to their mode of formatibn, these organs may be 
arranged into two divisions. In the first come the organs where 
the sensory expansion is derived from the involuted epiblast of the 
medullary canal. To this class belongs the retina, including the 
pigment epithelium of the choroid, which is formed from the original 
optic vesicle budded out from the fore-brain. 

To the second class belong the epithelial expansions of the 
membranous labyrinth of the ear, and the cavity of the nose, which 
are formed by an involution of the epiblast covering the external 
surface of the embryo. These accordingly have no primary connec- 
tion with the brain. ‘Taste bulbs' and other terminal nervous organs, 
such as those of the lateral line in fishes, are also structures formed 
from the external epiblast. 

In addition to these we have the crystalline lens formed of invo- 
luted epiblast as w^ell as the cavity of the mouth and anus, and the 
glands derived from them. The pituitary body is also epiblastic in 
origin. 

From the hypoblast are derived the epithelium of the digestive 
canal, the epithelium of the trachea, bronchial tubes and air cells, 
the cylindrical epithelium of the ducts of the liver, pancreas, thyroid 
body, and other glands of the alimentary canal, as well as the 
hepatic cells constituting the parenchyma of the liver, developed 
from the hypoblast cylinders given ofl‘ around the primary hepatic 
diverticula. 

Homologous probably with the hepatic cells, and equally of hypo- 
blastic origin, are the spheroidal ‘ secreting cells' of the pancreas and 
other glands. The epithelium of the salivary glands, though these so 
closely resemble the pancreas, is probably of epiblastic origin, inas- 
much as the cavity of the mouth is entirely lined by epiblast. 

The hypoblast also lines the allantois. To these parts must be 
added the notochord and subnotochordal rod. From the mesoblast 
are formed all the remaining parts of the body. The muscles, the 
bones, the connective tissue and the vessels, both arteries, veins, 
capillaries and lymphatics with their appropriate epithelium, are 
entirely formed from the mesoblast. 

The generative and urinary organs are entirely derived from the 
mesoblast. It is worthy of notice "that the epithelium of the urinary 
glands, though resembling the hypoblastic epithelium of the alimen- 
tary canal, is undoubtedly mesoblastic. 

From the mesoblast are lastly derived all the muscular, connective 
tissue, and vascular elements, as vrell of the alimentary canal and its 
appendages as of the skin and the tegumentary organs. Just as it 
is only the epidermic moiety of the latter which is derived from the 
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GROWTH IS LENGTH OF THE EMBRYO, 


epiblast, so it is only the epithelium of the former which comes from 
the hypoblast, 

Oi'owth in length of the Vertebrate Embryo, 

With reference to the formation and growth in length of the body of 
the Vertebrate embryo two different views have been put forward, which 
can be best explained* by taking the Elasmobranch embryo as our type. One 
of these views, generally held by embryologists and adopti»d in the previous 
pages, is that the Elasmobranch embryo arises from a differentiation of the 
edge of the blastoderm; which extends inwards from the c<lge for some little 
distance. This differentiation is supposed to contain within itself the rudi- 
ments of the whole of the embryo with the exception of the yolk-sack ; 
and the hinder extremity of it, at the edge of the blastoderm, is regarded 
as corresponding with the hind end of the body of tlic adult. The growth 
in length takes place by a process of intussusception, and, till there are 
formed the full number of mesoblastic somites, it is effected, as in Chaito- 
pods, by the continual addition of fresh somites between the last-formed 
somite and the hind end of tlie body. 

A second and somewhat paradoxical view has been recently brought 
into prominence by His and Rauber. This view has moreover since been 
taken up by many embryologists, and has led to strange comparisons 
between the formation of the mesoblastic i>late8 of the Chfetopods and 
the medullary folds of Vertebrata. According to this view the embiyo 
grows in length by the coalescence of the two halves of the thickened edges 
of the blastoderm in the dorsal median line. The groove between the 
coalescing edges is the medullary groove, which increases in length by the 
continued coalescence of fresh jmrtions of the edge of the blastoderm. 

The following is His^ own statement of his view : “I have shewn that 
the embryo of Osseous Fishes grows t<»gether in length from two symmetri- 
cally-placed structures in the thickened edge of the blastoderm. Only tho 
foremost end of the head and the hindennost end of the tail undergo no 
concrescence, since they are formed out of that part of the edge of the 
blastoderm which, together with the two lateral halves, complete.^ the ring. 
The whole edge of the blasto<lerni is used in the formation of the embiyo.’’ 

The edges of the blastoderm which meet to form the laxly of the embryo 
are regarded as the blastopore, so that, on this view, the blasto|>ore primi- 
tively extends for the whole length of the dorsal side of the embryo, and 
the groove between the coalesced lips becomes the medullary groove. 

It is not possible for me to enter at any great length into the arguments 
used to support this ]K)sition. 

They may be summarised as (1) The general appearance; i,e, that the 
thickened edge of the blastodenn is continuous with the medullary fold. 

(2) Certain measurements (His) which mainly appear to me to prove 
that the growth takes place by the addition of fresh somites between that 
last form^ and the end of the body. 

(3) Some of the phenomena of double monsters (Raulier), 

None of these arguments api^iear to be very forcible, but as the view of 
His and Rauber, if true, would certainly be important^ I shall attempt 
shortly to state the arguments against it, employing as my type the 
Elasmobranchii, by the development of which, accoi^ing to His, the view 
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which he adopts is more conclusively proved than by that of any other 
group. 

(1) The general appearance of the thickened edge of the blastoderm 
becoming continuous with the medullary folds has been used as an argument 
for the medullary folds being merely the coalesced thickened edges of the 
blastoderm. Since, however, the medullary^olds are merely parts of the 
medullary plate, and since the medullary plate is continuous with the 
adjoining epiblast of the embryonic rim, the latter structure must be con- 
tinuous with the medullary folds however they are formed, and the mere 
fact of their being so continuous cannot be used as an argument either 
way. Moreover, were the concrescence theory true, the coalescing edges 
of the blastoderm might be expected to form an acute angle with each 
other, which they are far from doing. 

(2) The medullary groove becomes closed behind earlier than in front, 
and the closure commences wdiile the embryo is still quite short, and 
before tfie hind end has begun to 2 >roject over the yolk. After the medullary 
canal becomes closed, and is continued behind into the alimentary canal 
by the ueurenteric passage, it is clearly imj)os8ible for any further increase 
in length to take place Ijy concrescence. If therefore His' and Rauber's 
view is accepted, it will have to be maintained that only a small part of 
the body is formed by concrescence, while the larger posterior part grows 
by intussusception. The difficulty involved in this supposition is much 
increased by the fact that long after the growth by concrescence must have 
ceased the yolk blastopore still remains open, and the embryo is still 
attached to the edge of the blastoderm ; so that it cannot be maintained 
that the grow'th by concrescence has come to an end because the thickened 
edges of the blastoderm have completely coalesced. 

The above are argumeirts derived simply from a consideration of the 
growth of the embryo ; and they prove (1) that the points adduced by His 
and Kauber are not at all conclusive; (2) that the gi-owth in length of 
the greater part of the body takes place by the addition of fresh somites 
Ixdiind, as in Chietopods, and it would thei'efore be extremely surprising 
that a small middle jmrt of the bo<ly should grow in quite a different way. 

Many minor arguments used by His might be replied to, but it is 
hardly necessary to do so, and some of them depend ui)on erroneous views 
as to the course of development, such as an argument about the notochord, 
which depends for its validity uj)Oii the assumption that the notochord ridge 
ap[>6ars at the same time as the medullary plate, while, as a matter of fact, 
the ridge does not aj^pear till considerably later. In addition to the argu- 
ments of the class hitherto used, there may be brought against the His- 
Rauber view a series of arguments from compamtive embryology. 

(1) Were the vertebrate blastopore to be co-extensive with the dorsal 
surface, as His anil Rauber maintain, dear evidence of this ought to be ap- 
parent in Amphioxus. In Amphioxus, however, the blastopore is at first 
placed exactly at the hind end of the body, tliough later it passes up just 
on to the dorsal side {vide p. 3). It nearly closes before the appearance of 
the medullary groove or mesoblastic somites; and the medullary folds have 
nothing to do with its lips, except in so far as tliey are continuous with 
them behind, just as in Elasmobiunchii. 

(2) The food-yolk in the Vertebrata is placed on the ventral side of the 
body, and becomes enveloped by the blastoderm ; so that in all large-yolked 
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Vertebrates the ventral walls of the body are obviously completed by the 
closure of the lips of the blastopore, on the ventral side. 

If His and Kauber are right the dorsal walls are also completed by the 
closure of the blastopore, so that the whole of the dorsal, as well as of the 
ventral wall of the embryo, must be formed by the concrescence of the lips 
of the blastopore ] which is clearly a reductio ad absurdum of the whole 
theory. To my own arguments on the subject I may add those of Kupffer, 
who has very justly criticised His* statements, and has shewn that growth 
of the blastoderm in Clupea and Gasterosteus is absolutely inconsistent 
with the concrescence theory. 

The more the theory of His and Raiiber is examined by the light of 
compamtive embryology, the more does it appear quite untenable; and it 
may be laid down as a safe conclusion from a comparative study of verte- 
brate embryology that the blastopore of Vertebrates is primitively situated 
at the hind end of the body, but that, owing to the development of a large 
food-yolk, it also extends, in most cases, over a larger or smaller part of 
the ventral side. 

The origin of the Allantois and Amnion, 

The development and structure of the allantois and amnion have already 
been dealt with at sufficient length in the cha{)ters on Avcs and Mammalia; 
but a few words as to the origin of these parts will not be out of place 
here. 

The AUantois. The relations of the allantois to the adjoining organs, 
and the conversion of its stalk into the bladder, afford ample evidence that 
it has taken its origin from a urinary bladder such as is found in Amphibia. 
We have in tracing the origin of the allantois to deal with a case of what 
Dohrn would call ^change of function.’ The allantois is in fact a urinary 
bladder which, precociomly developed and enormously extended in the 
embryo, has acquired respiratory (Hauropsida) and nutritive (Mammalia) 
functions. No form is known to have been preserved with the allantois in 
a transitional state between an ordinary bladder and a large vascular sack. 

The advantage of secondary respiratory organs during foetal life, in 
addition to the yolk-sack, is evinced by the fact that such organs are very 
widely developed in the Ichthyopsida. Thus in Elasmobranchii we have 
the external gills (cf. p. 51). Amongst Amphibia we have the tail modified 
to be a respiratory organ in Pipa Americana; and in Notodelphis, Alytes, 
and Cecilia compressicanda the external gills are modified and enlarged 
for respiratory purposes within the egg (cf. pp. 116 and 118). 

Thfi Amnion. The origin of the amnion is more difficult to explain 
than that of the allantois ; and it does not seem possible to derive it from 
any pre-existing organ. 

It api)ear8 to me, however, very probable that it was evolved pwri 
pasm with the allantois, as a simple fold of the somatopleure round the 
embryo, into which the allantois extended itself as it increased in size and 
became a respiratory organ. It would be obviously advantageous for such 
a fold, having once started, to become larger and larger in older to give 
more and more room for the allantois to spread into. 

The continued increase of this fold would lead to its edges meeting on 
the dorsal side of the embryo, and it is easy to conceive that they might 
then coalesce. 
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To afford room for the allantois close to the surface of the egg, 
■where respiration could most advantageously be earned on, it would be 
convenient that the two laminse of the amnion — the tine and false am- 
nion — should then separate and leave a free space above the embryo, and 
thus it may have come about that a separation finally takes place between 
the true and false amnion. ^ 

This explanation of the origin of the amnion, though of course hypo- 
thetical, has tlie advantage of suiting itself in most joints to the actual 
ontogeny of the organ. The main difficulty is the early development of 
the head-fold of the amnion, since, from the position of the allantois, it 
might have been anticipated that the tail-fold would be the first formed 
and most important fold of the amnion. 
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CHAPTER XIL 

OBSERVATIONS ON THE ANCESTRAL FORM OF 
THE CHORDATA. 


The present section of this work would not be complete without 
some attempt to reconstruct, from the materials recorded in the 
previous chapters, and from those supplied by comparative anatomy, 
the characters of the ancestors of the Chordata ; and to trace as far 
as possible from what invertebrate stock this ancestor was derived. 

The second of these questions has been recently dealt with in a 
very suggestive manner by both Dohrn (No. 250) and Semper (Nos. 
255 and 256), but it is still so obscure that I shall refrain from any 
detailed discussion of it. 

While differing very widely in many |)oints both Dohrn and Semper 
have arrived at the view, already tentatively put forwaid by earlier 
anatomists, that the nearest allies of the Chordata are to l>e sought for 
amongst the Cha?topoda, and that the doi'sal surface of the Chordata with 
the spinal cord corresponds morphologically with tlie ventral surface of 
the Chajtopods with the ventml ganglion chain. In discussing this subject 
some time ago^ I suggested that we must look for the ancestors of the 
Chordata, not in allies of tlie present ChtetojK)da, but in a stock of wjgmented 
form.s descended from the same uiisegmented types as the Cho^toiKxla, but 
in which two lateral nerve-cords, like those of Neiiiertinc*s, coalesced dorsally, 
instead of ventrally to form a median nervous cord. Tliis group of forms, 
if my suggestion as to its existence is well founded, appears now to have 
j>eri8hed. The reanit researches of Hubretjht on the anatomy of the 
Nemertines* have, however, added somewhat to the proV)ability of niy views, 
in that they sliew that in some existing Nemertines the nerve-cords 
approach each other veiy closely in the dorsal line. 

With reference to the characters of the ancestor of the Chordata 
the following pages contain a few tentative suggestions rather than 

* Monograph on the development of Elattmobranch Fiehen^ pp. 170—173. 

Hubrecht, “ Zur Anat. ii. Phys. d. Nervensystems dor Nemortinen.” Ki’m, A had, 
WUe, Amterdam; and ^^Bofteorches 011 the Nervous System of Nemertines.’* Quarts 
Journ. of Micr. Science, ISHO. 
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an attempt to deal with the whole subject ; while the origin of certain 
of the organs is dealt with in a more special manner in the chapters 
on organogeny which form the second part of this work. 

Before entering upon the mc^ special subject of this chapter, 
it will be convenient to clear the ground by insisting on a few 
morphological conclusions to be drawn from the study of Amphioxus, 
— a form which, although probably in some respects degenerate, is 
nevertheless capable of furnishing on certain points very valuable 
evidence. 

(1) In the first place it is clear from Amphioxus that the ancestors 
of the Chordata w^ere segmented, and that their mesoblast was divided 
into myotonies which extended even into the region in front of the 
mouth. The mesoblast of the greater part of what is called the head 
in the Vertebrata proper was therefore segmented like that of the 
trunk. 

(2) The only internal skeleton present was the unsegmented 
notochord — a fact which demonstrates that the skeleton is of com- 
paratively little importance for tlje solution of a large number of 
fundamental questions, as for example the point which has been 
mooted recently as to whether gill-ck‘fts existed at one time in front 
of the present mouth; and for this reason: — that from the evidence 
of Amphioxus and the lower Vertebrata^ it is clear that such clefts, if 
they ever existed, had atntphied completely before the formation of 
cartilaginous branchial bars; so that any skeletal structures in front 
of the mouth, which have been interpreted by morphologists as 
branchial bars, can never have acted in supporting the walls of 
branchial clefts. 

(3) The region which, in the Vertebrata, forms the oesophagus 
and stomach, wiis, in the ancestors of the Chordata, perforated by gill- 
clefts. This fact, which has been clearly pointed out by Gegenbaur, 
is demonstrated by the arrangenient of the gill-clefts in Amphioxus, 


* The greater part of the hrnnehial skeleton of Petromyzon appears clearly to 
belong to nn extra-branchial system nuich more superficially situated than the true 
branchial bars of the higher forms. At the same time there is no doubt that certain 
parts of the skeleton of the adult Lamprey have, as pointed out by Huxley, striking 
points of resemblance to parts of a true mandibular and b}oid arches. Further ein- 
bryological evidence is required on the subject, but the statements on this head on 
p. 69 ought to be qualified. 

Should Huxley’s views on this subject be finally proved correct, it is probable that, 
taking into consideration the resemblance of tliese skeletal parts in the Tadpole to 
those in tire Lamprey, the cartilaginous mandibular bar, before being in any way 
modified to form true jaws, became secondarily adapted to support a suctorial mouth, 
and that it subsequently became converted into the true jaws. Thus the evolution of 
this bar in the Frog would be a true rejietition of the ancestral history, while its 
ontogeny in Elasmobranchii and other types would be much abbreviated. For a fuller 
statement on this point 1 must refer the reader to the chapter on the skuU. 

It is difficult to believe that the posterior bninchial bars could have coexisted 
with such a highly developed branchial skeleton as that in Petromyzon, so that the 
a^enoe of the posterior branchial bars in Petromyzon receives by far its most 
plausible explanation on the supposition that Petromyzon is descended from a velr- 
tebrate stock in which true branchial bars bad not been evolved. 



260 


TUK FRjEORAL lobe. 


and by the distribution of the vagus nerve in the Vertebrata\ On 
the other hand the insertion of the liver, which was probably a very 
primitive organ, appears to indicate with approximate certainty the 
posterior limit of the branchial clefts. 

With these few preliminary obsei’vations we may pass to the 
main subject of this section. A fundamental question which presents 
itself on the threshold of our enquiries is the differentiation of the 
bead. 

In the Chaetopoda the head is formed of a prseoral lobe and of the 
oral segment; while in Arthropods a somewhat variable number of 
segments are added behind to tliis primitive head, and form with it 
what may be called a secondary compound head. It is fairly clear 
that the section of the trunk, which, in Amphioxus, is perforated by 
the visceral clefts, has become the head in the Vertebrates proper, 
so that the latter forms are provided with a secondary head like 
that of Arthropods. There remain however difficult questions (1) as 
to the elements of which this head is composed, and (2) as to the 
extent of its differentiation in the ancestors of the Chordata. 

In Arthroprals and Cha?tojK>ds there is a very distinct element in 
the head known as the procephalic lobe in the case of Artliropods, 
and the praeoral lobe in that of Chaetopods; and this lobe is especially 
characterized by the fact that the supraoesophageal ganglia and optic 
organs are formed as differentiati<»ns of part t»f the epi blast covering 
it. Is such an element to be recognized in the head of the Chordata? 
From a superficial examination of Amphioxus the answer would 
undoubtedly be no; but then it has to be borne in mind that Amphi- 
oxus, in correlation with its habit of bur\ ing itself in sand, is especially 
degenerate in the development of its sense-organs ; so that it is not 
difficult to believe that its pracoral lobe may have become so red\iced 
as not to be recognizable. In the true Vertebrata there is a portion 
of the head which has undoubtedly many features of the prsnoral 
lobe in the types alreaxly alluded to, viz. the part containing the 
cerebral hemi.spheres and the tlialanienceplialon. If there is any 
part of the brain homologous with the sujiracesophagoal ganglia of 
the Invertebrates, anti it is difficult to believe there is not such a 
part, it must be part of, or contain, the fore-brain. The fore- brain 
resemble'j the supratrsophageal ganglia in being intimately connex^ted 
in its development with tlje o[)tic organs, and in supplying with nerves 
only organs of sense. Its ctmnectioii with the olhictory organs is an 
argument in the same diivction. Even in Amphioxus there is a 
small bulb at the end of tlie nervous tube supplying what is very 

* The exteneion forwards in the Vertebrata of an nniiitcmipted body-cayity into 
the region previouHly occnided by visceral clefts presents no diflicmlty. In Amphioxus 
the true l)od> -cavity extends forwards, more or less divided by the branchial clefts, for 
the whole length of the branchial region, and in ombryos of the lower Vertebrata there 
is a section of the body-cavity — the so-called head-cavities — ^iween each pair of 
ponchos. On the disappearance of the pouches all these parts would naturally coalesce 
into a continuous whole. 
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probably the homologue of the olfactory organ of the Vertebrata; 
and it is quite possible that this bulb is the reduced rudiment of 
what forms the fore-brain in the Vertebrata. 

The evidence at our disposal appears to me to indicate that the 
third nerve belongs to the cranid^spinal series of segmental nerves, 
while the optic and olfactory nerves appear to me equally clearly 
not to belong to this se^ies^ The mid-brain, as giving origin to the 
third nerve, would appear not to have been part of the ganglion of 
the praeoral lobe. 

These considerations indicate with fair probability that the part 
of the head containing the fore-brain is the equivalent of the praeoral 
lobe of many Invertebrate forms ; and the primitive position of the 
Vertebrate mouth on the ventral side of the head affords a distinct 
support for this view. It must however be admitted that this part 
of the head is not sharjdy separated in development from that behind ; 
and, though the fore-brain is usually differentiated very early as a 
distinct lobe of the primitive nervous tube, yet that such differentia- 
tion is hardly more marked than in the other parts of the brain. The 
termination of the notochord immediately behind the fore-brain is, 
however, an argument in favour of the morphological distinctness 
of the latter stnicture. 

The evidence at our disposal appeal’s to indicate that the posterior 
part of the head was not differentiated from the trunk in lower 
Chordata ; but that, as the Chordata rose in the scale of development, 
more and mc)re centralizing work became thrown oh the anterior part 
of the nervous cord, and pari passu this part became differentiated 
into the mid- and hind-brain. An analogy for such a differentiation is 
supplied in the compound subonsophageal ganglion of many Arthro- 
pods; and, as will be shewn in the chapter on the nervous system, there 
is strong embryological eviiUiiice that the mid- and hind-brains hod 
primitively the same structure as the spinal coni. The head ap- 
pears however to have suffered in the cour.se of its differentiation a 
great concentration in its posterior part, which becomes progressively 
more marked, even within the limits of the surviving Vertebrata. 
This concentration is especially shewn in the structure of the vagus 
nerve, which, as first pointed out by Gegenbaur, bears evidence of 
having been originally composed of a great series of nerves, each 
supplying a visceral cleft. Rudiments of the posterior nerves still 
remain as the branches to the oesophagus and stomach \ 

The atrophy of the posterior visceral clefts seems to have taken 
place simultaneously with the concentration of the neural part of the 
head; but the former process did not proceed so rapidly as the latter, 

* Marahall, in bis valuable paper on the development of the olfactory organ, takes 
a very different view of this subject. For a discussion of this view I must refer the 
reader to the chapter on the nervous system. 

* The lateral branch of the vagus nerve probably became differentiated in oonnec* 
tion with the lateral line, which seems to have been first formed in the head, and 
subsequently to have extended into the trunk {vide section on Lateral Line). 
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so that the visceral region of the head is longer in the lower Verte- 
brata than the neural region, and is dorsdly overlapped by the 
anterior part of the spinal cord and the anterior muscle-plates {vide 
fig. 47). 

On the above view the posterior part of the head must have been 
originally composed of a series of somites like those of the trunk, but 
in existing Vertebrata all trace of these, except in so far as they are 
indicated by the visceral clefts, has vanished in the adult. The cranial 
nerves however, especially in the embryo, still indicate the number 
of anterior somites ; and an embryonic segmentation of the mesoblast 
has also been found in many lower forms in the region of the head, 
giving rise to a series of cavities known as head-cavities, enclosed by 
mesoblastic walls which afterwards break up into muscles. These 
cavities correspond with the nerve.s, and it ap])ears that there is a 
praemandibiilar cavity corresponding with the third nerve (fig. 193, \pp) 



Fio. 193. Transversb section 


and a mandibular cavity {tpp) and a 
cavity in each of the succeeding vis- 
ceral arches. The fifth nerve, the 
seventh nerve, the glossopharyngeal 
nerve, and the successive elements of 
the vagus nerve corresjx>nd with the 
j)OSterior heiul-cavities. 

The medullaxy canal. The ge- 
neral history of the medullary plate 
seems to point to the conclusion that 
the central canal of the nervous system 
has been formed by a groove having 
apjieared in the ancestor of the Chor- 
data along the me<lian dorsal line, 
which caused the sides of the nervous 
plate, which was placed immediately 


THROUGH THE FRONT PART OF THE bclow tlic skiii, or iiiay pcrhaps at 

HE*DOFAYOrNoPK,ST,U.U8BMBB.O distinCtlV 

The section, owing to the cranial i* xv^i *1 

fleiure, cuts both the fore- and the ainwc-ntiated from the skin, to be bent 
hiud-bisiu. It shews the prseman- upwards ; and that this groove sub- 
dibolar and mandibular head-cavities seouently became converted into It 

canal This view is not only sup- 
mouth; pt. upper end of mouth, .ported by the actual development ot 
forming pituitary involution ; laa« the Central canal of the niTvous system 

Sr 

irc. first visceral cleft; F. fifth and Pctromyzon being undoubtedly 


nerve; aun. ganglion of laditoiy secondary), but also (1) by the pre- 

SitaVLT^ofSalnri VS of cilia in the epithelium liniM 

ch, notochord. the caiial, probably inherited from cilia 

coating the external skin, and (2) by 
the posterior roots arising from the extreme dorsal line (fig. 194), 
a position which can most easily be explained on the supposition 
that the two sides of the plate, from which the nerves originally 
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proceeded have beeu folded up so as to meet each other in the 
median dorsal line 

The medullary plate, before becoming folded to form the medullary 
groove, is (except in Amphibia) without 
any indication of being composed M two 
halves. In both the embryo and adult 
the walls of the tube have however a 
structure which points to their having 
arisen from the coalescence of two late- 
ral, and most probably at one time in- 
dependent, cords ; and as already indi- 
cated this is the view I am myself in- 
clined to adopt; vide pp. 2ol and 252. 

The ori^n and nature of the 7^ 
mouth* The most obvious point con- 
nected with the development of the 
mouth is the fact that in all vertebrate 
embryos it is placed ventral ly, at some 
little distance from the front end of the 
body. This feature is retained in the Fio. 104. Transveuse sec- 
adult stage in Elasmobranchii, the Myx- tion thuouoh the trunk of an 
inoids, and some Ganoids, but is lost in f. oli>rr th/n 

other vertebrate forms. A mouth, situ- canal; pr. posteiicr 

ated as is the embryonic vertebrate root of spinal nerve; snbnoto- 

mouth, is very ill adapted for biting; and c^ord&l rod; ao. aorta; sc. so- 
: xi • _ matic inesoblast; sp. splancbnic; 

though It ^quires in this position a ^^soblast; mp. mn4le-plate; 

distinctly biting character in the Elas- mp'. portion of muscle-plate con- 
mobrauchii, yet it is almost certain that 'c^ted into muscle; Tr. portion 

H had not TOoh . ch,™*.r in thn g “S KbSSdS." 

ancestral Chordata, and that its terminal uL alimentary tract, 
position in higher types indicates a step 
in advance of the Elasmobranchii. 


1 


On the structure of the primitive mouth there appears to me to 
be some interesting embryological evidence, to which attention has 
already been called in the preceding chapters. In a large number 
of the larvae or embryos of the lower Vertebrates the mouth has a 
more or less distinctly suct<3rial character, and is connected with 
suctorial organs which may be placed either in front of or behind it. 
The more important instances of this kind are (1) the Tadpoles of 
the Anura, with their posteriorly placed suctorial disc, (2) Lepidosteus 
larva (fig. 195) with its anteriorly placed suctorial disc, (3) the 
adhesive papill® of the larvfe of the Tunicata. To these may be 
added the suctorial month of the Myxinoid fishes*. 


* Vide for further details the chapter on the nervous system. 

• The existing Myxinoid Fishes are no doubt degenerate types, as was first cleply 
pointed out by Dohm; but at the same time (although Dohrn does not share this view) 
It appears to me almost certain that they are the remnants of a large and very 
primitive group, which have very likely been preserved owing to their parasitic or 
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All these considerations point to the conclusion that 
in the ancestral Chordata the mouth had a more or less 
definitely suctorial character*, and was placed on the ven- 
tral surface immediately behind the praeoral lobe; and 
that this mouth has become in the higher types gradually 
modified for biting purposes, and has been carried to the 
front end of the head. 

The mouth in Elasmobranchii and other Vertebrates is originally 
a wide somewhat rhomboidal cavity (fig. 28 G) ; on the development 
of the mandibular and its maxillary (pterygo-quadrate) process the 
opening of the mouth becomes narrowed to a slit. The wide con- 
dition of the mouth may not improbably be interpreted as a remnant 
of the suctorial state. Tlie fact that no more definite remnants of 
the suctorial mouth are found in so ])rimitive a group as the Elas- 
mobranchii is probably to be explained by the fact that the members 
of this group undergo an abbreviated development within the egg. 

Wliile the emliryolo^ical data appear to me to point to the existence of a 
primitive suctorial mouth, very diffei’ent conclusions liave been put forward 
by other embryologists, more especially by Dohrn, which are sufficiently 
striking and suggestive to merit a further discussion. 

As mention^ above, both Dohm and 8em|)er hold that the Vertebrata 

ai’e descended from Cha*topod- 
like forms, in wdiich the ventral 
surtace has l>ecome the dorsal. 
In consequence of this view 
Dohrn has arrived at the follow^- 
ing conclusions ; ( I ) that ])rimi- 
tiveJy the alimentary canal per- 
forated the nervous system in 
the region of the original ceso- 
phageal neiwe-ring ; (2) that 
there was theif'fore an original 
dorsal mouth (the present ven- 
tral niouth of the Cluetopoda) ; 

^ and (3) that the present mouth 

op was secondary and derived from 

Fio. 195. Ventral view op the heap op a visceral clefts which have 

Lbpidosteus embryo shortly beporb hatchixo, ventral ly coalesced. 

TO SHEW THE LARGE SUCTORIAL DISC. A full discussion of thcse 

m. mouth; op, eye; Bd, suctorial disc. views* is not within the flcoiw 



^ same way as many of the Insectivora have been 
pr^erved owing to their subterranean habits. I am acqusinted with no evidence 

degroded gnatboBtomton* foral^ and tbi 
wf) disappear^ as a whole from lU incapacity to compete inicoeeeftiUy with 

Vertebrate in which true jaws had become developed. ^ 

' f conceive tW the exietence of suctorial structures neoeasarilv imnliea 
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of this work ; but, while recognizing that there is much to be said in favour 
of the interchange of the dorsal and ventral surfaces, 1 am still inclined 
to hold that the difficulties involved in this view are so great that it must, 
pix>vi8ionally at least, be rejected ; and that there are therefore no reasons 
against supposing the present vertebrate mouth to be the primitive mouth. 
There is no embryological evidence in favour of the view adopted by 
Dohm that the present mouth was formed by the coalescence of two clefts. 

If it is once admitted that the present mouth is the primitive mouth, 
and is more or less nearly in its original situation, very strong evidence 
will be required to shew that any structures originally situat^ in front 
of it are the remnants of visceral clefts ; and if it should be proved that 
such remnants of visceml clefts were present, the views so far arrived at 
in this section would, I think, have to be to a large extent reconsidered. 

The nasal pits have been sup|K)sed by Dohrn to be remnants of visceral 
clefts, and this view has been maintained in a very able manner by Marshall. 
The arguments of Mai-shall do not, however, apjiear to me to have any 
great weight unless it Ls previously granted that there is an antecedent 
probability in favour of the presence of a pair of gill-clefts in the position of 
the nasal pits ; and even then the development of the nasal pits as epiblastic 
involutions, instead of hypoblastic outgrowths, is a serious difficulty which 
has not in my opinion been successfully met. A further argument of 
Marshall from the supposed segmental nature of the olfactory neiwe has 
already been 8|)oken of. 

While most of the structures sup]>ospd to be remains of gill* clefts in 
front of the mouth do not appear to me to be of this nature, there is one 
organ which stands in a more doubtful category. This organ is the so- 
called choroid gland. Tlie similarity of this organ to the pseudo-branch 
of the mandibular or hyoid arch was pointed out to me by Dohrn, and 
the suggestion was inacle by him that it is the remnant of a pi'jeman- 
dibular gill which has been retained owing to its functional connection 
with the eye*. Admitting thi.s ex]>lanation to l>e true (which however is by 
no means cei*tain) are we necessarily comj>elled to hold that the choroid 
gland is the remnant of a gill-cleft originally situated in front of the 
mouth ? I believe not. It is easy to conceive tliat there may originally 
have been a ]>nemaudibular cleft behind the suctorial mouth, but that this 

* The probability of the choroid gland having the meaning attributed to it by 
Dohm ifl Htrengthened by the existence of a pneniaiulibular segment as evidenced by 
the presence of a priemandibular head-cavity, the ^alls of which as shewn by Marshall 
and myself give rise to the majority of the eye-muscles and of a nerve (the third nerve, 
cf. Marshall) corresponding to it ; so that these parts together with the choroid gland 
may be rudiments belonging to the same segment. On the other hand the absence of 
the ciioroid gland in Ganoidci and Fdaauiobranchii, where a mandibular pseudo-branch 
is present, coupled with the absence of a mandibular pseudo-branch in Teleostei where 
alone a choroid gland is present, renders the above view about the choroid gland 
somewhat doubtful. A thorough investigation of the ontogeny of the choroid gland 
might throw further light on this interesting question, but I think it not impossible 
that the choroid gland may be nothing else but the modified mandibular pseudo-branch, 
a view which fits in very well with the relations of the vessels of the Elasmobranoh 
mandibular pseudo-branch to the choroid. For the relations and structure of the 
choroid gland vide F. Muller, Vergh Amt, Myjrinoidettf Part iii. p. 82. 

It is {Kissible that the fourth nerve and the suiKjrior oblique muscle of the eye which 
it supplies may be the last lemainitig remnants of a second praemandibular segment 
originally situated between the segment of the third nerve and that of the fifth nerve 
(mandibular segment). 
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cleft gradually atrophied (for the same reasons that the mandibular cleft 
shews a tendency to atrophy in existing fishes, &c.), the rudiment of the gill 
(chcMToid gland) alone remaining to mark its situation. After the disap* 
pearance of this cleft the suctorial mouth may have become relatively 
shifted backwards. In the meantime the branchiai bars became develo[)ed, 
and as the mouth was changed into a biting one, the bar (the mandibular 
ardi) supporting the then first cleft became ^udually modified and converted 
into a supporting apparatus for the mouth, and finally formed the skeleton 
of the jaws. In the hyostylic Vertebrate the hyoid ai’ch also became 
modified in connection with the formation of the jaws. 

The conclusions arrived at may be summed up as follows : 

The relations which exist in all jaw-bearing Vertebrates between 
the mandibular arch and the oral aperture are secondary, and arose 



pari passu with the evo- 
lution of the jaws’. 

The cranial flexure 
and the form of the head 
in vertebrate embxvos. 

All enihiyologists who have 
studied the embryos of the 
\arious vertehiato groups 
have l>een struck with the 
i*einarkable similarity which 
exists between them, more 
es|)ecially as concerns the 
form of the head. This siiiii* 
larity is closest between the 
members of the Ainniota, 
but there is also a very 
marked resemblance between 
tlie Amniota and the Elas- 
mohranchii. The peculiarity 
in question, which is charac- 
teristically shewn in fig. 1 06, 
consists in the cerebral hemi- 


' spheres and thalaniencepha- 

lon being ventrally flexed to 
Fio. 196. The heads of Elabmobkanch eh- Huck an extent that the mid- 


BBY 08 AT TWO STAOEB VIEWED AS TRANSPABENT brain fomis tlio termination 

OBJECTS. 

Oft w * V**S!!I** At a later i>eriod in deve- 

IIL third nerve; V. fifth nerve; VH, seventh 4 ,^ u. * j 

nerve; aa.n. anditoiy nerve; glossophaiyngeal ®ph^re8 come 1^ he placed 
nerve; Vg, vi^s nerve; fb. fore-brain; pn. pineal a-t the fi’ont end of the head; 
gland; mb. mid-brain; )ib. hind-bmin; ir.v. fourth but the original nick or bend 
vOTfaicle; c5. (^bellnm; ol. olfactory pit; op. of the floor of the ]»mm fa 
eye, au.l . auditoiy vesicle; tn. mesoblast at base 
of brain; ch. notochord; ht. heaii; Ve. visceral 8?^ ™ 

clefts; eg. external gills; pp. sections of body- obvious that in 

cavity in the head. dealing with the light thrown 

* I do not to exclude the possibility of the mandibular arch having snpported 
a snctonal month before it became converted into a pair of jaws. 



ON THE ANCESTRAL FORM OF THE CHORDATA: 267 


by embryology on the ancestral form of the Chordata the significance oi 
this peculiar cbai'acter of the head of many vertebrate embryos must be 
discussed. Is the constancy of this character to be explained by supposing 
that at one period vertebrate ancestors had a head with the same features 
as the embryonic head of existing "^^rtebrata ? 

This is the most obvious explaimtion, but it does not at the same time 
appear to me satisfactory. In the first place the mouth is so situated at 
the time of the maximum cranial flexure that it could hardly have heen 
functional; so that it is almost impossible to believe that an animal with a 
head such as that of these embryos can have existed. 

Then again, this type of embryonic head is especially characteristic of the 
Amniota, all of which are developed in the egg. It is not generally so marked 
in the Ichthyopsida. In Amphibia, Teleostei, Ganoidse and Petromyzontidie, 
the head never completely acquires the peculiar characteiistic form of the 
head of the Amniota, and all these forms are hatched at a relatively much 
earlier phase of development, so that they are leading a free existence at a 
stage when the embryos of the Amniota are not yet hatched. The only 
Ichthyopsidan type with a head like that of the Amniota is the Elasrno- 
branchii, and the Elasmobranchii are tlie only Ichthyopsida which undergo 
the major part of their development within the egg. 

These considerations appear to shew that the peculiar characters of the 
embryonic head above alluded to are in some way connected with an 
embryonic as opposed to a larval development ; and for reasons which are 
ex])luined in the section on larval forms, it is probable that a larval develop- 
ment is a more faithful record of ancestiul history than an embryonic 
development. The flexure at the base of the brain appears however to be a 
typical vertebrate character, but this flexure never led to a conformation of 
the head in the adult state similar to that of the embryos of the Amniota. 
The fonn of the head in these embryos is probably to be explained by sup- 
posing that some advantage is gained by a relatively early development of 
the brain, which appears to be its proximate cause ; and since these embryos 
had not to lead a free existence (for w'hich such a form of the head would 
have been unsuited) there was nothing to interfere with the action of 
natural selection in bring’ 
ing about this form of 
head during fcetal life. 

Post-anal g^ut and 
nenrenteric canal. 

One of the most re- 
markable structures in 
the trunk is the post- 
anal gut (fig. 197). Its 
stnicture is fully dealt 
with in the chapter on 
the ali men tary tract, bu t 
attention may here bo 
called to the light which 
it appears to throw on 
the charactersof thean- 
cestor of the Chonlata. 



Fio. 197. Longitudinal section through an ad* 
VANCRD EMBRTo OF Bombinator. (Alter Gdtte.) 

tn. mouth; an. anus; 1. liver; fte. neurenterio 
canal; me. medullary canal; eh. not<^ord; pn. pineal 
gland. 
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In fa^e of the facts which are known with reference to the post^anal 
section of the alimentary tract, it can hardly be doubted that this 
portion of the alimentary tract must have been at one time func- 
tional This seems to me to be shewn (1) by the constancy and 
persistence of this obviously now functionless rudiment, (2) by its 
greater development in the lower than in the higher forms, (3) by 
its relation to the formation of the notochord and subnotochordal 
rod. 

If the above position be admitted, it is not permissible to shirk 
the conclusions which seem necessarily to follow, however great the 
diflSculties may be w^hich are involved in their acceptance. These 
conclusions have in part already been dealt >vith by Dohrn in his 
suggestive tract (No. 250). In the first place the alimentary canal 
must primitively have been continued to the end of the tail ; and if 
so, it is hardly credible that the existing anus can have been the 
original one. Although, therefore, it is far from easy, on the pliysio- 
logical principles involved in the Darwinian theory, to understand 
the formation of a new' anus*; it is nevertheless necessary to believe 
that the present vertebrate anus is a formation acquired wuthin the 
group of the Chordata, and not inherited from some older group. 
This involves a series of further consequences. The opening of the 
urinogenital ducts into the cloaca must also be secondary, and it is 
probable that the segmental tubes were primitively continued along 
the whole post-anal region of the vertebrate tail, o}:)ening into the 
body-cavity which embryology proves to have been originally present 
there. They are in fact continued in many existing fonns for some 
distance behind the present anus. If the present anus is secondary, 
there must have been a primitive anus, which was probably situated 
behind the post-anal vesicle ; and therefore in the region of the neu- 
renteric canal. The neurenteric canal is, however, the remnant of the 
blastopore (vide p. 230). It follows, therefore, that the vertehi'ate blasto^ 
pore is prohahhj almost, if not exactly identical in position with the 
primitive anus. This consideration may assist in explaining the re- 
markable phenomenon of the existence of the neurenteric canal. The 
attempt has already been made to shew that the central canal of the 
nervous system is really a groove converted into a tube and lined by the 
external epidermis. This tube (as may be concluded from embryo- 
logical considerations) was probably at first open posteriorly, and no 
doubt terminated at the primitive anus. On the closure of the 
primitive anal opening, the terminal portions of the post-anal gut 
and the neural tube, may conceivably have been so placed that both 
of them opened into a common cavity, which previously had commu- 
nication with the exterior by the anus. Such an arrangement would 
necessarily result in the formation of a neurenteric canal. It seems 
not impossible that a dilated vesicle, often present at the end of the 

^ Dohrn (No. 250, p. 25 ) ^ves an explanation of the ori^n of the new anns 
which does not appear to me quite satisfactory. 
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post-anal gut {vide fig. 28*, p. 48), may have been the common cavity 
into which both neural and alimentary tubes opened'. Till further 
light is thrown by fresh discoveries upon the primitive condition of 
the posterior continuation of the vertebrate alimentary tract, it is 
perhaps fruitless to attempt to ^ork out more in detail the above 
speculation. 

Body-cavity and mesoblastic somites. The Chordata, or at 
least the most primitive existing members of the group, are charac- 
terized by the fact that the body-cavity arises as a pair of outgrowths 
of the archenteric cavity. This feature* in the development is a nearly 
certain indication that the Chordata are a very primitive stock. The 
most remarkable point with reference to the development of tlie two 
outgrowths is, however, the fact that the dorsal part of each out- 
growth becomes separated from the ventral. Its walls become 
segmented and form the mesoblastic somites, which eventually, on 
the obliteration of their cavity, give rise to the muscle-plates and to 
the tissue stirrounding the notochord. It is not easy to under- 
stand the full significance of the processes concerned in the forma- 
tion of the mesoblastic somites {vide p. 24()). The mesoblastic somites 
have no doubt a striking resemblance to the mesoblastic somites 
of the Chietopods, and most probably the segmentation of the 
mesoblast in the two groups is a phenomenon of the same nature; 
but the difierence in origin between the two types of mesoblastic 
somites is so striking, and the development of the muscular system 
from them is so dissimilar in the two groups, as to render a direct 
descent of the Chordata from the Cluetopoda very improbable. The 
ventral parts of the original outgrow tli give rise to the permanent 
body-cavity, which apj)ears originally to have been divided into two 
parts by a dorsal and a ventral mesentery. 

The notochord. The most characteristic organ of the Chordata 
is without doubt the notochord. The ontogenetic development of 
this organ probably indicates that it arose as a differentiation of the 
dorsal wall of the archentenm ; at the same time it is not perhaps 
safe to lay too much stre.^s upon its mode of development. Embryo- 
logical and anatomical evidence demonstrate, however, in the clearest 
manner that the early Chordata were provided with this organ as their 
solo axial skeleton ; and no invertebrate group can fiiirly be regarded 
tis genetically related to the Chordata till it can be shewn to possess 
some organ either derived frqm a notochord, or capable of having 

I Afl point^^a out ill Yol. i. p. 2U, there ia a atriking aimilarity between the history 
of the neurentcric ciuial in Vertebrates, uiul the history of the blastopore and ventral 
groove as described by Kowalevsky in the larva of Chiton. Mr A. Sedgwick has 
pointed out to me that the ciliated ventral groove in Protoneomenia, which contains 
the Aims, is probably the homologiie of the groove found in the larva of Chiton, and 
not, as usually supiiosed, simply the toot. Were this groove to be converted into a canal, 
on the sides of which were placed the nervous cords, there would be formed a precisely 
similar neureutei-ic canal to that in Vortebrata, though I do not mean to suggest that 
there is any homology between tlm two {vide Hubrecht, Zoo!. Anzfif^er, 1880, p. 589). 

Vidr the chapter on the Uerniinal T 
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become developed into a notochord. No such organ lias as yet been 
recognized in any invertebrate group*. 

mll-clefts. The gill-clefts, which are essentially pouches of the 
throat opening externally, constitute extremely characteristic organs 
of the Chordata, and have always been taken into consideration in 
any comparison between the Chordata and the Invertebrata. 

Amongst the Invertebrata organs of undoubtedly the same nature 
are, so far as I know, only found in Balanoglossus, where they were 
discovered by Kowalevsky. The resemblance in this case is very 
striking; but although it is quite possible that the gill-clefts in Balano- 
glossus are genetically connected with those of the Chordata, yet the 
organization of Balanoglossus is as a whole so different from that of 
the Chordata that no comparison can be instituted between the 
two groups in the present state of our knowledge. 

Other organs of the Invertebrata have some resemblance to the gill-clefts. 
The lateral pits of the Nemertines, which apj>ear to grow out as a pair of 
cesophageal diverticula, which are eventually placed in communication with 
the exterior by a pair of ciliated canals (vide Vol. i. pp. 164 and 166), ai'e 
such organs. 

Semper (No. 256) has made the interesting discovery that in the budding 
of Nais and Chietogaster two lateral masses of c(*lls, in each of which a 
lumen may be formed, unite with the oral invagination and primitive alimen- 
tary canal to form the j)ermanent cephalic gut. The lateral masses of cells 
are regarded by him as branchial passages homologous in some way with 
those in the Chordata. The somewdiat scanty obst^rvations on this subject 
which he has recorded do not appear to me to lend much support to this 
interpretation. 

It is probable that the part of the alimentary tract in which gill-clefts 
are present was originally a simple unperforated tuls^ provided with highly 
vascular walls ; and that respiration was cariied on in it by the alteniate 
introduction and expulsion of sea w^ater. A more or less similar mode of 
respiration has been recently shewn by Eisig* to take ])la<^e in the fore part 
of the alimentary tract of many ChajtojKKls. This part of the alimentary 
tract was probably provided with paired caecal pouches wdth their blind 
ends in contiguity with the skin. 

Perforations placing these pouches in communication with the exterior 
must be 8up[X)8ed to have been ftn nied; and the existence of openings into 
the alimentary tract at the end of the tentacles of many Actinia* and of the 
hepatic diverticula of some nudibranchiate Molluscs (Kolis, iko.*) shews that 
such perforations may easily be made. On the formation of sttch jHjr- 
forations the water taken in at the mouth would pass out by them ; and 
the respiration would be localized in the walls of the pouches lea<Iing to 

1 In the Chietopods various organs have been interpreted as rudiments of a 
notochord, but none of these interpretations will bt^ar exnmination. 

* “Ueb. d. Vorkommen eines schwimmblaseualinlichen Organs bed Anueliden.” 
Mittheil, a. d, zooL Sfati&n zu Neapel, Vol. ii. I8B1. 

* The openings of the hepatic diverticula through the sacks lined vvith thread cells 
are describe by Hancock and Embleton, Am, and Maff. of Nat. Hutory, Vol. xv. 
1846, p. 82. Von Jhering has aho recently described these openings {iSotd. AnxHger^ 
No. 28) and apparently attributes their discovery to himself. 
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them, aud thus the typical mode of respiration of the Chordata would be 
established, 

Fhylogeny of the Chordata. It may be convenient to shew in 
a definite way the bearing of the above speculations on the phylogeny 
of the Chordata. For this purp^l^e, I have drawn up the subjoined 
table, which exhibits what I believe to be the relationships of the 
existing groups of the Chordata. Such a table cannot of course be 
constructed from.einbryological data alone, and it does not fall within 
the scope of this work to defend its parts in detail. 

Mammaua Baukopsida 

U — 1 — — • 

rUOTO-AMNlUTA AmPHIBIA 

TeLKOSTKI I'KOTO-FEXT a I>ACT VLOIDEI 

j 

(jAXoiiiEi , Dipnoi 

L. ^ 

rilOTO-OAXOIOEl 

HoLOC’EPUALI 

Elasmouuancuii 

I ' in )'r C ) ( J N A TI I OSTOM A T A 

I 

1 

I 1 

CychHtaHuUa l»UOTO.\ EKTEBHATA 

Cephalochorda rtK ilou DATA ( rochonla 

III the above the names printed in large capitals are hypothetical groups. 
The other groups are all iu existence at the present day, but those printed m Italics are 
probably degeueruto. 

The ancestral forms of the Chordata, which may be called the 
Protochordata, must be supposed to have had (1) a notochord as 
their sole axial skeleton, (2) a ventral mouth, surrounded by suctorial 
structures, and (3) very numerous gill-slits. Two degenerate <’ft- 
shouts of thi.s .stiH'k still persist in Amiihioxus (Cephaloehorda), and 
the Ascidiaris (Urochorda). 

The direct descendants of the ancestral Chordata, w^ere pro- 
bably a group which may be culled the Proto-vertebrata, of which 
there is no persisting repre.sentative. In this gioup, imperfect 
neural arches were probably present ; and a ventral suctorial mouth 
without a inaudible and inaxilUe was still persistent. The branchial 
clefts had, however, become reduced in number, and were provided 
with gill-fblds ; aud a secondary^ head (vide p. 2G0), with brain and 
organs of sense like those of the iiigher Vertebrata, had become 
formed. 

The Cyelostornata ai^e probably a degenerate offshoot of this 
group. 

With the development of the branchial bars, aud the conversion of 
the mandibular bar into the skeleton of the Jaws, we come to the Proto- 
gnathostomaU. The nearest living representatives of this group are 
the Elasmolirancliii, which still n^taiii in the adult state the vcntrally 
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placed mouth. Owing to the development of food-yolk in the Elas- 
mobranch ovum the early stages of development are to some extent 
abbreviated, and almost all trace of a stage with a suctorial mouth 
has become lost. 

Wo next come to an hypothetical group which we may call the 
Proto-ganoidei. Bridge, in his Memoir on Polyodon', which contains 
some very interesting speculations on the affinities of the Ganoids, 
has called this group the Pneumatocoela, from the fact that we find 
for the first time a full development of the air-bladder, though it is 
possible that a rudiment of this organ, in the form of a pouch opening 
on the dorsal side of the stomachic extremity of the oesophagus, was 
present in the earlier type. 

Existing Ganoids are descendants of the Proto-ganoidei. Some of 
them at all events retain in larval life the suctorial mouth of the 
Proto- vertebrata ; and the mode of formation of their germinal layers, 
resembling as it does that in the Lamprey and the Amphibia, probably 
indicates that they are not descended from forms with a large food- 
yolk like that of Elasmobranchii, and that the latter group is there- 
fore a lateral offshoot from the main line of de.scent. 

Of the two groups into which the Ganoidei may be divided it is 
clear that certain members of the one (Teleostoidei), viz. Lepidosteus 
and Amia, shew approximations to the Teleostei, which no doubt 
originated from the Ganoids; while the other (Selachoidei or Stu- 
riones) is more nearly related to the Dipnoi. Polypterus has also 
marked affinities in this direction, e.g. the external gills of the larva 
{vide p. 98), 

The Teleostei, which have in common a uieroblastic segmenta- 
tion, had probably a Ganoid ancestor, the ova of which were provided 
with a large amount of food-yolk. In most existing Teleostei, the 
ovum has become again reduced in size, but the meroblastic segmen- 
tation has been preserved. It is quite j)o.ssible that Amia may 
also be a descendant of the Ganoid ancestor of the Teleostei ; but 
Lepidosteus, as shewn by its complete segmentation, is clearly not so. 

The Dipnoi as well as all the higher Vertebrata arc descendants 
of the Proto-ganoidei. 

The character of the limbs of higher Vertebrata indicates that 
there was an ancestral group, whicli may be called the Proto-penta- 
dactyloidei, in which the peiitadactyle limb became established; 
and that to this group the common ancestor of the Amphibia and 
Amniota belonged. 

It is possible that the Plesiosauri and Ichthyosauri of Mesozoic 
times may have been more nearly related to this group than either 
to the Amniota or the Amphibia. The Proto-pen tadactyloidei 
were probably much more closely related to the Amphibia than to 
the Amniota. They certainly must have been capable of living in 
water as well as on land, and had of course persistent branchial cleftH. 


* rhil. Traitit. 1H7H, Part ii. 
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It is also fairly certain that they were not provided with large-yolked 
ova, otherwise the mode of formation of the layers in Amphibia 
could not be easily explained. 

The Mammalia and^Sauropsida are probablv independent oflf- 
shoots from.a common stem which may be called the Proto-amniota. 
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CHAPTER XIII. 


GENERAL CONCLUSIONS. 


I. THE MODE OF ORIGTN AND HOMOLOGIES OF THE GERMINAL 

LAYERS. 

It lias already been shewn in the earlier chapters of the work 
that during the first phases of development the history of all 
the Metazoa is the same. They all originate from the coalescence 
of two cells, the ovum and spermatozoon. The coalesced product 
of these cells — the fertilized ovum — then undergoes a process known 
as the segmentation, in the course of which it becomes divided in 
typical oases into a number of uniform cells. An attempt was made 
from the point of view of evolution to explain these processes. The 
ovum and spermatozoon were regarded as representing phyloge- 
netically two physiologically ditferentiated forms of a Protozoon ; 
their coalescence was equivalent to conjugation : the subsequent seg- 
mentation of the fertilized ovum was the multiplication by division 
of the organism resulting from the conjugation ; the resulting organ- 
isms, remaining, however, united to form a fresh organism in a higher 
state of aggregation. 

In the systematic section of this work the embryological history 
of the Metazoa has been treated. The present chapter contains a 
review of the cardinal features of the various histories, together with 
an attempt to determine how far there are any points common to 
the whole of these histories ; and the phylogenetic interpretation to 
be given to such points. 

Some years ago it appeared probable that a definite answer would 
be given to the questions which must necessarily be raised in the 
present chapter; but the results of the extended investigations 
made during the last few years have shewn that these expectations 
were premature, and in spite of the numerous recent valuable con- 
tributions to this branch of Embryology, amongst which special 
attention may be caMed to those of Kowalevsky (No. 277), Lankester 
(Nos. 278 and 279), and Haeckel (No. 266), there are few embryologists 
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•who would venture to assert that any answers which can be given 
are more than tentative gropings towards the truth. 

In the following pages I aim more at summarising the facts, 
and critically examining ^^he different theories which can be held, 
than at dogmatically supporting any definite views of my own. 

In all the Metazoa, the development of which has been investi- 
gated, the first process of differentiation, which follows upon the 
segmentation, consists in the cells of the organism becoming divided 
into two groups or layers, known respectively as epiblast and 
hypoblast. 

These two layers were fiist discovered in the young embryos of verte- 
brated animals by Pander and Von Baer, aud have been since known as 
the germinal layers, though their cellular nature was not at first recog- 
nised. They were shewn, together with a third layer, or mesoblast, whicli 
subsequently appears between them, to bear throughout the Vertebrata 
constant rektions to the organs which became developed from them. A 
very great step was subsequently made by Reinak (No. 2 S 7 ), who success- 
fully worked out the problem of vertebrate embryology on the cellular 
theory. 

Rathke in his memoir on the development of Astacus (No. 286) at- 
tempted at a very early period to extend the doctrine of the derivation of 
the organs from the germinal layers to the Invertebrata. In 1859 Huxley 
made an important step towards the explanation of the nature of these 
layers by comparing them with the ectoderm and endoderm of the Hydro- 
zoa \ while the brilliant researches of Kowalevaky on the development of 
a great variety of invertebrate forma formed the starting point of the 
current views on this subject. 

The differentiation of the epiblast and hypoblast may commence 
during the later phases of the segmentation, but is generally not com- 
pleted till after its termination. Not only do the 
cells of the blastoderm become differentiated into 
two layers, but these two layers, in the case of 
a very large number of ova with but little focd- 
yolk, constitute a double- walled sack — the gastrula 
(fig. 198) — the characters of which are too well 
known to require further description. Following 
the lines of phylogenetic speculation above in- 
dicated, it may be concluded that the two-layered 
condition of the organism represents in a general 
way the passage from the protozoon to the me- 
tazoon condition. It is probable that we may 
safely go further, and assert that the gastrula re- 
produces, with more or less fidelity, a stage in 
the evolution of the Metazoa, permanent in the 
simpler Hydrozoa, during which the organism was 
provided with (1) a fully developed digestive cavity 
(tig. 198 6) lined by the hypoblast with digestive 
and assimilative functions, (2) an oral opening (f/), and (3) a su|>er- 


a 



Fio. 198. Duoham 
OF A Gastrula. (From 
Gegenbaur.) 

a. mouth; h, ar- 
clienterou ; <?. hypo- 
blast; d, epiblast. 
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ficial epibtast {d). These generalisations, which are now widely 
accepted, are no doubt very valuable, but they leave unanswered the 
following important questions : 

(1) By what steps did the compound Protozoon become differen- 
tiated into a Metazoon ? 

(2) Are there any grounds for thinking that there is more 
than one line along which the Metazoa have become independently 
evolved from the Protozoa ? 

(3) To what extent is there a complete homology between the 
two primary germinal layers throughout the Metazoa 1 

Ontogenetically there is a great variety of processes by which 
the passage from the segmented ovum to the two-layered or diplo- 
blastic condition is arrived at. 

These processes may be grouped under the following heads : 

1, Invagination. Under this term a considerable number of 
closely connected processes are included. When the segmentation 
results in the formation of a blastosphere, one half of the blastosphere 
may be pushed in towards the opposite half, and a gastrula be thus 
produced (fig. 199, A and B). This process is known as embolic 



FlO« 199. Two STAGES iK THE DEVELOPMENT OF HoLOTHUBIA TUBULOSA, VIEWED 
IN OPTICAL SECTION. (After Selenka.) 

A. Stage at the close of the segmentation. B. Gastrula stage. 
mr. micropyle; fl, chorion; s.c. segmentation cavity ; hi. blastoderm; ep. epi- 
blast; hy. hypoblast; ms. ammboid cells derived from hypoblast; a.e. arohenterou. 

invagination. Another process, known as epibolic invagination, 
consists in epiblast cells growing round and enclosing the hypoblast 
(tig. 200). This process replaces the former process when the hypo- 
blast cells are so bulky from being distended by food-yolk that their 
invagination is mechanically impossible. 

There are various peculiar modifications of invagination which 
cannot be dealt with in detail. 
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Invagination in one form or other occurs in some or all the 
members of the following groups : 

The DicyemidsB, Calcispongiae 
(after the amphiblastula stage) 
and Silicispongiae, Coelej^erata, 

Turbellaria, Neraertea, Rotifera, 

Mollusca, Polyzoa, Brachiopoda, 

Cheetopoda, Discophora, Gephyrea, 

Chastognatha, N ematelminthes, 

Crustacea, Echinodermata, and 
Chordata. 

The gastrula of the Crustacea 
is peculiar, as is also that of many 
of the Chordata (Reptilia, Aves, 

Mammalia), but there is every 
reason to suppose that the gastrulae 
of these groups are simply modi- 
fications of the normal type. 
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Fig. 200. Transveiise section 

THROUGH THE OVUM OP EuAXES DURING 
A» EARLY STAGE OP DEVELOPMENT, TO 
SHEW THE NATURE OP EPIBOLIC INVAGINA- 
TION. (After Kowalevsky ) 

ep. epiblast; m, mesoblastic band ; 
hy. hypoblast. 


2. Delamination. Three types of delamination may be dis- 
tinguished : 

a. Delamination where the cells of a solid morula become 


divided into a superficial 
epiblast, and a central solid 
mass in which the digestive 
cavity is subsequently hol- 
lowed out (fig. 201). 

6. Delamination where 
the segmented ovum has the 
form of a blastosphere, the 
cells of which give rise by 
budding to scattered cells in 
the interior of the vesicle, 
which, though they may at 
first form a solid mass, finally 
arrange themselves in the 
form of adefinite layer around 
a central digestive cavity 
(fig. 202). 

c. Delamination where 
the segmented ovum has the 
form of a blastosphere in the 
cells of which the protoplasm 
is differentiated into an in- 
ner and an outer part. By 
a subsequent process the in- 
ner parts of the cells become 
separated from the outer, and 



« 

Fig. 201. Two stages in the development 
OP Stephanomia pictum, to illustrate the for- 
mation OF the layers by dblamination. (After 
Metschnikoff.) 

A. Stage after the delamination ; ep, epi- 
bUstio invagination to form pneumatocyst. 

B. Later stage after the formation of the 
gastric cavity in the solid hypoblast, po, poly- 
pite; t, tentacle; pp, pri£»«wriofrtrt.»a4>. 

blast of pneumatocyst; 
iiig pneumatocyst. 
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the walls of the blastosphere are so divided into two distinct layers 
(fig. 205). 

Although the third of these processes is usually regarded as 
the type of delamination, it does not, so far as I know, occur in 
nature, but is most nearly approached in Geryonia (fig. 203). 

The first type of delamination is found in the Geratospongise, 
some SilicispongiaB (?), and in many Hydrozoa and Actinozoa, and in 
Nemertea and Nematelminthes {Oordioideai), The second type 
occurs in many Porifera [Galdspongicn (Ascetta), Myxospongi(je\y and 
in some Coelenterata, and Brachiopoda {Thecidium). 

Delamination and invagination are undoubtedly the two most 


C 



Fig. 202. Three larval stages op Eucopb polybtyla. (After Kowalevsky.) 

A. Blastosphere stage with hypoblast spheres becoming budded off into central 
cavity. B. Planula stage with solid hyp^last. C. Planula stage with a gastric 
cavity, ep. epiblast; ky, hypoblast; aU gastric cavity. 

frequent modes in which the layers are differentiated, but there 
are in addition several others. In the first place the whole of the 
Tracheata (with the apparent exception of the Scorpion) develop, so 
far as is known, on a plan peculiar to them, which approaches delami- 
nation. This consists in the appearance of a superficial layer of 
cells enclosing a central yolk mass, which corresponds to the hypo- 
blast (figs. 204 and 214). This mode of development might be 
classed under delamination, were it not for the fact that the early 
development of many Crustacea is almost the same, but is subsequently 
followed by an invagination (fig, 208), which apparently corresponds 
to the normal invagination of other types. There are strong grounds for 
thinking that the tracheate type of formation of the epiblast and 
hypoblast is a secondary modification of an invaginate type [vide 
Vol. I. p. 378). 

The type of some Turbellaria [Stylochopsis ponticus) and that of 
Nephelis amongst the Discophora is not capable of being reduced to 
the invaginate type. 
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The development of almost all the parasitic m'oups, i.e. the Trema- 
toda,the Cestoda,the Acanthocephala, and theLinguatulida,and also 




A. B. 

Fig. 203. Diagrammatic figured shewing the delamination of the embryo 
OF Geryonia. ^After Fol.) 

A, Stage at the commencement of the delamination ; the dotted lines x shew the 
course of the next planes of division. B. Stage at the close of the delamination. 
o«. segmentation cavity; a. endoplasm; h, ectoplasm; ep. epiblast; %. hypoblast. 


of the Tardigrada, Pycnogonida, and other minor groups, is too imper- 
fectly known to be classed with either the delaminate or invaginate 
types. 



Fig. 204. Segmentation and formation of the blastoderm in Chelifer. 
(After Metschnikoff.) 

In A the ovum is divided into a number of separate segments. In B a number of 
small cells have appeared {hi) which form a blastoderm enveloping the large yolk- 
spheres. In C the blastoderm has become divided into two layers. 
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ORIGIN OF THE GASTRULA, 


It will, I think, be conceded on all sides that, if any of the onto- 
genetic processes by which a gastmla form is reached are repetitions 
of the process by which a simple two-layered gastrula was actually 
evolved from a compound Protozoon, these processes are most pro- 
bably of the nature either of invagination or of delamination. 

The much disputed questions which have been raised abotjt the 
gastrula and pianula theories, originally put forward by Haeckel and 
Lankester, resolve themselves then into the simple question, whether 
any, and if so which, of the ontogenetic processes by which the 
gastmla is formed are repetitions of the phylogenetic origin of the 
gastrula. 

It is very difficult to bring forward arguments of a conclusive kind 
in favour of either of these processes. The fact that delaminate and 
invaginate gastrulai are in several instances found coexisting in the 
same group renders it certain that there are not two independent 
phyla of the Metazoa, derived respectively from an invaginate and a 
delaminate gastrula\ 

The four njost important cases in which the two processes coexist 
are the Porifera, the Omlenterata, the Nemertea, and the Brachio- 
poda. In the cases of the Porifera and Coelenterata, there do not 
appear to me to be any means of deciding which of these processes is 
derived from the other; but in the Nemertea and the Brachiopoda 
the case is different. In all the types of Nemertea in which the 
development is relatively not abbreviated there is an invaginate gas- 
trula, while in the types with a greatly abbreviated development there 
is a delaminate gastrula. It would seem to follow from this that a 
delaminate gastrula has here been a secondary result of an abbrevia- 
tion in the development. In the Brachiopoda, again, the majority of 
types develop by a process of invagination, while Thecidium appears 
to develop by delamination; here also the delaminate type would 
appear to be secondarily derived from the invaginate. 

If these considerations are justified, delamination must be in some 
instances secondarily derived from invagination ; and this fact is so 
far an argument in favour of the more primitive nature of invagina- 
tion ; though it by no means follows that in the invaginate process 
the steps* by which the Metazoa were derived from the Protozoa are 
preserved. 

It does not, therefore, seem possible to decide conclusively in 

1 It is not difficult to picture a possible derivation of delamination from invagina- 
tion ; while a comparison of the formation of the inner layers (mesoblast and hypo- 
blast) in Ascetta (amongst the Sponges), and in the Echinodormata, shews a very simple 
way in which it is possible to conceive of a passage of delamination into invagination. 
In Ascetta the cells, which give rise to the mesoblast and hypoblast, are budded off 
from the inner wall of the blastosphere, especially at one point; while in Echino- 
dermata (fig. 199) there is a small invaginated sack which gives rise to the hypoblast, 
while from the walls of this sack amosboid cells are budded off which give rise to a 
large part of the mesoblast. If we suppose the hypoblast cells budded off at one 
point in Ascetta gradually to form an invaginated sack, while the mesoblast cells con- 
tinued to be budd^ off as before, we should pass from the delaminate type of Ascetta 
to the invaginate type of an Echinoderm. 
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favour of either of these processes by a comparison of the cases where 
they occur in the same groups. 

The relative frequency of the two processes supplies us with 
another possible means for deciding between them ; and there is no 
doubt that here again th# scale inclines towards invagination. It 
must, however, be borne in mind that the frequency of the process of 
invagination admits of another possible explanation. There is a con- 
tinual tendency for the processes of development to be abbreviated 
and simplified, and it is quite possible that the frequent occurrence of 
invagination is due to the fact of its being, in most cases, the simplest 
means by which the two-layered condition can be reached. But this 
argument can have but little w^eight until it can be shewn in each case 
that invagination is a simpler process than delamination ; and it is 
rendered improbable by the cases already mentioned in which de- 
larnination has been secondarily derived from invagination. 

If it were the case that the blastopore had in all types the same 
relation to the adult mouth, there would be strong grounds for re- 
garding the invaginate gastrula as an ancestral form ; but the fact 
that this is by no means so is an argument of great weight in favour 
of some other explanation of the frequency of invagination. 

The force of this consideration can best be displayed by a short 
summary of the fate of the blastopore in different forms. 

The fate of the blastopore is so variable that it is difficult even to 
classify the cases which have been described. 

(1) It becomes the permanent mouth in the following forms': 

Cmlentm ta. — Pelagia , Cereanthus. 

Turhellaria. — Leptnplana (?), Thyaanozoon. 

iVm^rtga.—Pilidium, larva) of the type of Desor. 

Mollmca. — In numerous examples of most Molluscan groups, except the 
Cephalopoda. 

Chatopoda. — Most OligochsBta, and probably many Polychaeta. 

Gephyrea, — Phasooloaoma, Phoronis. 

Nema^elminthes. — Cucullanus. 

(2) It closes in the position where the mouth is subsequently formed. 

C<zhnterata. — Ctenophora (?). 

Mollmca, — In numerous examples of most Molluscan groups, except the 
Cephalopoda. 

Crustacea, — Cirripedia (?), some Cladocera (Moina) (?). 

(3) It becomes the permanent anus. 

Paludina. 

Chatopoda, — Serpula and some other tyjies. 

Echinodermata, — MmoBt universally, except amongst the Crinoiiea. 

(4) It closes in the position wSere the anus is subsequently formed. 

Echinodermata, — Crinoidea . 

(5) It closes in a position which does not correspond or is not known 
to correspond* either with the future mouth or anns.-^Por^fera — Sycandra. 
CtBfmtsrafa—Chrysaora*, Aurelia*. Nemertca*— Some larvae which develop without 


' The above list is somewhat tentative; and future investigations will probably 
shew that many of the statements at present current about the position of the blasto- 
pore are inaccurate. 

* The forms in which the position of the blastopore in relation to the mouth or 
anus is not known are marked with an asterisk. 
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BLASTOPORE, 


a metamo^hosis. Rotifera*, ilfa^^usca—Oephalopoda. Polyzoa*, BrcuiUo* 
poda — Argiope, Terebratula, Terebratulina. Ckatopoda — ^Euaxes. Discophpra 

— ^Glepsine. Gephyrea — ^Bouellia*. Chatognatha, Crustacea — Daqgpoda. 

Chordata,, 

The forms which have been classed together under the last head- 
ing vary considerably in the character of the blastopore. In some 
cases the fact of its not coinciding either with the mouth or anus 
appears to be due simply to the presence of a large amount of food- 
yolk. The cases of the Cephalopoda, of Euaxes, and perhaps of 
Clepsine and Bonellia, are to be explained in this way : in the case of 
all these forms, except Bonellia, the blastopore has the form of an 
elongated slit along the ventral surface. This type of blastopore 
is characteristic of the Mollusca generally, of the Polyroa, of the Ne- 
matelminthes, and very possibly of the Chsetopoda and Discophora. 
In the Chaeto^atha (fig. 209 B) the blastopore is situated, so far as 
can be determined, behind the future anus. In many Decapoda the 
Wastopoje is placed behind, but not far from, the anus. In the 
Chordata it is also placed posteriorly to the anus, and, remarkably 
enough, remains, in a large number of forms, for some time in con- 
nection with the neural tube by a neurenteric canal. 

The great variations in the character of the gastrula, indicated in 
the above summary, go far to shew that if the gastrulae, as we find 
them in most types, have any ancestral characters, these characters can 
only be of the most general kind. This may best be shewn by the 
consideration of a few striking instances. The blastopore in Mol- 
lusca has an elongated slit-like form, extending along the ventral 
surface from the mouth to the anus. In Echinodermata it is a narrow 
pore, remaining as the anus. In most Chaetopoda it is a pore remain- 
ing as the mouth, but in some as the anus. In Chordata it is a pos- 
teriorly-placed pore, opening into both the archenteron and the neural 
canal. 

It is clearly out of the question to explain all these differences as 
having connection with the characters of ancestral forms. Many of 
them can only be accounted for as secondary adaptations for the 
convenience of development. 

The epibolic gastrula of Mammalia {vide pp. 178 and 242) is a still 
more striking case of a secondary embryonic process, and is not directly 
derived from the gastrula of the lower Chordata. It probably origi- 
nated in connection with the loss of food-yolk which took place on 
the establishment of a placental nutrition for the foetus. The epibo- 
lic gastrula of the Scorpion, of Isopods, and of other Arthropoda, 
seems also to be a derived gastrula. These instances of secondary 
gastrulse are very probably by no means isolated, and should serve as 
a warning against laying too much stress upon the frequency of the 
occurrence of invagination. The great influence of the food-volk 
upon the early development might be illustrated by numerous exam- 
ples, especially amongst the Chordata {vide Chapter XI.). 

If the descendants of a form with a large amohnt of food-yolk in 
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its ova were to produce ova with but little food-yolk, the type of for- 
mation of the germinal layers which would thereby result would be 
by no means the same as that of the ancestors of the forms with much 
food -yolk, but would probably be something very different, as in the 
case of Mammalia. Yet 4hnongst the countless generations of ances- 
tors of most existing forms, such oscillations in the amount of the 
food-yolk must have occurred in a large number of instances. 

The whole of the above considerations point towards the view that 
the formation of the hypoblast by invagination, as it occurs in most 
forms at the present day, can have in many instances no special 
phylogenetic significance, and that the argument from frequency, in 
favour of invagination as opposed to delamination, is not of prime 
importance. 

A third possible method of deciding between delamination and 
invagittftlion is to be found in the consideration as to which of these 
processes occurs in the most primitive forms. If there were any 
agreement amongst primitive forms as to the type of their develop- 
ment this argument might have some weight. On the whole, delami- 
nation is, no doubt, characteristic of many primitive types, but the 
not infrequent occurrence of invagination in both the Coelenterata 
and the Porifera — the two groups which would on all hands be ad- 
mitted to be amongst the most primitive — deprives this argument irf 
much of the value it might otherwise have. 

To sum up — considering the almost indisputable fact that both 
the processes above dealt with have in many instances had a purely 
secondary origin, no valid arguments can be produced to shew that 
either of them reproduces the mode of passage between the Protozoa 
and the ancestral two-layered Metazoa. These conclusions do not, 
.however, throw any doubt upon the fact that the gastrula, however 
evolved, was a primitive form of the Metazoa; since this conclusion is 
founded upon the actual existence of adult gastrula forms indepen- 
dently of their occurrence in development. 

Though embryology does not at present furnish us with a definite 
answer to the question how the Metazoa became developed from the Pro- 
tozoa, it is nevertheless worth while reviewing some of the processes by 
which this can be conceived to have occurred. 

On purely d priori grounds there is in ray opinion more to be said for 
invagination than for any other view. 

On this view we may suppose<that the colony of Protozoa in the course 
of conversion into Metazoa had the form of a blastosphere ; and that at 
one pole of this a depression appeared. The cells lining this depression we 
may suppose to have been amoeboid, and to have carried on the work of 
digestion ; while the remaining cells were probably ciliated. The digestion 
may be supposed to have been at first carried on in the interior of the cells, 
as in the Protozoa ; but, as the depression became deeper (in order to 
increase the area of nutritive cells and to retain the food) a digestive 
secretion probably became poured out from the cells lining it, and the 
mode of digestion generally characteristic of the Metazoa was tliereby 
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inaugurated. It may be noted that an intracelhilar protozoon type of 
digestion persists in the Porifera, and appears also to occur in many 
Ccelenterata, Turbellaria, &c., though in most of these cases both kinds of 
digestion probably go on simultaneously \ 

Another hypothetical mode of passage, which fits in with delamination, 
has been put forward by Lankester, and is illustrated by fig, 205. He 
supposes that at the blastosphere stage the fluid in the centre of the colony 
acquired special digestive properties ; the inner ends of the cells having at 
this stage somewhat different propeHies from the outer, and the food being 
still incepted by the surface of the cells (fig. 205, 3). In a later stage of the 
process the inner portions of the cells became separated off as the hypo- 
blast ; while the food, though still ingested in the form of solid particles by 
the superficial cells, was carried through the protojilasm into the central 
digestive cavity. Later (fig. 205, 4), the point where the food entered 
became localised, and eventually a mouth became formed at this point. 

The main objection which can be raised against Lankester’s view is 
that it presupposes a type of delamination which does not occur in natui*e 
except in Geryonia. 

Metschnikoff has propounded a third view with reference to delamina- 
tion. He starts as before with a ciliated blastosphere. He next supposes 
the cells from the walls of this to become budded off into the central 



Fio. 205. DiAOKAlf SHEWING THE FORMATION OF A GaSTBULA BY DEULMINATION. 

(From Lankester.) 

Fig. 1, ovum; fig. 2, stage in segmentation; fig. 3, commencement of delamination 
after the appearance of a central cavity; fig. 4, delamination completed, mouth form- 
ing at AT. In figs. 1, 2, and 3, Ec, is ectoplasm, and En. is endoplasm. In fig. 4, 
Ee, is epiblast, and En* hypoblast. E, and F. food particles. 

^ J. Parker, “On the Histology of Hydra Quart, Joum, Micr, Science^ 

vol. XX. 1880; and El. Metschnikoff, “Ueb. die intracellulkre Verdauung bei Ocelente- 
raten,*’ ZoologUeher Auzeiger^ No. 56, vol. in. 1880 and Lankester, “ On the inti'aoelln< 
lar digestion and endoderm of Limnocodium/’ Quart. Joum, Micr. Science, vol. zxx. 
1881. 
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cavity, as in Eucope (fig. 202), and to lose their cilia. These cells give 
rise to an internal parenchyma, which carries on an intracellular digestion. 
At a later stage a central digestive cavity is supposed to be formed* This 
view of the passage from the protozoon to the metazoon state, though to 
my mind improbable in itielf, fits in very well with the ontogeny of the 
lower Hydrozoa. 

Another view has been put forward by myself in the chapter on the 
Porifera^ to the effect that the amphiblastiila larva of Calcispongice may 
be a transitional form between the Protozoa and the Metazoa, composed of 
a hemisphere of nutritive amoeboid cells, and a hemisphere of ciliated cells. 
The absence of such a larval form in the Ccelenterata and higher Metazoa 
is opposed, however, to this larva being regarded as a transitional form, 
except for the Porifera. 

It is obvious that so long as there is complete uncertainty as 
to the value to be attached to the early developmental processes, 
it is not possible to decide from these processes whether there is 
only a single metazoon phylum or whether there may not be two or 
more such phyla. At the same time there appear to be strong 
arguments for regarding the Porifera as a phylum of the Metazoa 
derived independently from the Protozoa. This seems to me to 
be shewn (1) by the striking larval peculiarities of the Porifera ; 
(2) by the early development of the mesoblast in the Porifera, which 
stands in strong contrast to the absence of this layer in the embryos 
of most Couleiiterata ; and above all, (3) by the remarkable cha- 
racters of the system of digestive channels. A further argument 
in the same direction is supplied by the fact that the germinal 
layers of the Sponges very probably do not correspond physiologically 
to the germinal layers of other types. The embryological evidence 
is insufficient to decide whether the amphiblastula larva is, as sug- 
gested above, to be regarded as the larval ancestor of the Porifera. 

Homologies of the germinal layers. The question as to how 
far there is a complete homology between the two primary germinal 
layers throughout the Metazoa was the third of the questions pro- 
posed to be discussed here. 

Since there are some Metazoa with only two germinal layers, 
and other Metazoa with three, and since, as is shown in the following 
section, the third layer or mesoblast can only be regarded as a 
derivative of one or both the primary layers, it is clear that a 
complete homology between the two primary germinal layers does 
not exist. * 

That there is a general homology appears on the other hand 
hardly open to doubt. 

The primary layers are usually continuous with each other, 
near one or both (when both are present) the openings of the 
alimentary tract. 

As a rule an oral and anal section of the alimentary tract 
— the stomoduLMirn and proctodivum — fire derived from the epi blast ; 


1 VoJ. 1. p. 1*2*2. 
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but the limits of both these sections are so variable, sometimes 
even in closely allied forms, that it is difficult to avoid the conclusion 
that there is a border-land between the epiblast and hypoblast, 
which appears by its development to belong in some forms to the 
epiblast and in other forms to the hypoblast. If this is not the 
case it is necessary to admit that there are instances in which a very 
large portion of the alimentary canal is phylogenetically an epiblastic 
structure. In some of the Isopods, for example, the stomodieum and 
proctodseum give rise to almost the whole of the alimentary canal 
with its appendages, except the liver. 

The origin of the Mesoblast. A diploblastic condition of the 
organism preceded, as we have seen, the triploblastic. The epiblast 
during the diploblastic condition was, as appears from such forms as 
Hydra, especially the sensory and protective layer, while the hypoblast 
was the secretory and assimilating layer ; both layers giving rise to 
muscular elements. It must not, however, be supposed that in the 
early diploblastic ancestors there was a complete differentiation of 
function, but there is reason to think that both the primary layers 
retained an indefinite capacity for developing into any form of 
tissued The fact of the triploblastic condition being later than 
the diploblastic proves in a conclusive way that the mesoblast is a 
derivative of one or both the primary layers. In the Coelenterata 
we can study the actual origin from the two primary layers of 
various forms of tissue which in the higher types are derived from 
the mesoblast*. This fact, as well as general db priori considerations, 
conclusively prove that the mesoblast did not at first originate 
as a mass of independent cells between the two primary 
layers, but that in the first instance it gradually arose as 
differentiations of the two I'ayers, and that its condition 
in the embryo as an independent layer of undifferentiated 
cells is a secondary condition, brought about by the 
general tendency towards a simplification of development, 
and a retardation of histological differentiation*. 


^ The Hertwigs (No. 270) have for instance shewn that nervous structures are deve- 
loped in the hypoblast in the Actinozoa and other Coelenterata. 

® There is considerable confusion in the use of the names for the embryonic layers. 
In some cases various tissues formed by differentiations of the primary layers have been 
called mesoblast, Schultze, and more recently the Hertwigs, have pointed out the incon- 
venience of this nomenclature. In the case of the Coelenterata it is difficult to decide in 
certain instances (e, g. Sympodium) whether the cells which give rise to a particular tissue 
of the adult are to be regarded as forming a mesoblast, i. e. a middle undifferentiated 
layer of cells, or whether they arise as already histologically differentiated elements 
from one of the primary layers. The attempt to distinguish by a special nomenclature 
the epiblast find hypoblast after and before the separation of the mesoblast, which has 
been made by Allen Thomson (No. i), appears incapable of being consistently applied, 
though it is convenient to distinguish a primary and a secondary hypoblast. A pro- 
posal of the Hertwigs to adopt special names for the outer and inner limiting mem- 
branes of the adult, and for the interposed mass of organs, appears to me unnecessar}'. 

3 The causes which give rise to a retardation of histological differentiation will be 
dealt with in the second part of this chapter which deals with larval characters and 
larval forms. 
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The Hertwigs have recently attempted (No. 271) to distinguish 
two types of differentiation of the mesoblast, viz. (1) a direct differen- 
tiation from the primitive epithelial cells ; (2) a differentiation from 
primitively indifferent cells budded off into the gelatinous matter 
between the two primaryrlayers. 

It is quite possible that this distinction may be well-founded, but no 
conclusive evidence of the occurrence of the second process has yet been 
adduced. The Ctenophora are the type upon which special stress is laid, 
but the early passage of amoeboid cells into the gelatinous tissue, which 
subsequently become muscular, is very probably an embryonic abbreviation ; 
and it is quite possible that these cells may phylogenetically have origi- 
nated from epithelial cells provided with contractile processes passing 
through the gelatinous tissue. 

The conversion of non-embryonic connective-tissue cells into muscle cells 
in the higher types has been described, but very much more evidence is 
required before it can be accepted as a common occurrence. 

In addition to the probably degraded Dicyemidse and Ortho- 
nectidae, the Coelenterata are the only group in which a true mesoblast 
is not always present. In other words, the Coelenterata are the only 
group in which there is not found in the embryo an undifferentiated 
group of cells from which the majority of the organs situated be- 
tween the* epidermis and the alimentary epithelium are developed. 

The organs invariably derived, in the triploblastic forms, from 
the mesoblast, are the vascular and lymphatic systems, the muscular 
system, and the greater part of the connective tissue and the ex- 
cretory and generative (?) systems. On the other hand, the nervous 
systems (with a few possible exceptions) and organs of sense, the 
epithelium of most glands, and a few exceptional connective-tissue 
organs, as for example the notochord, are developed from the two 
primary layers. 

The fact of the first-named set of organs being invariably derived 
from the mesoblast points to the establishment of the two following 
propositions: — (1) That with the differentiation of the meso- 
blast as a distinct layer by the process already explained, 
the two primary layers lost for the most part the capacity 
they primitively possessed of giving rise to muscular and 
connective-tissue differentiations\ to the epithelium of the 
excretory organs, and to generative cells. (2) That the 
mesoblast throughout the triploblastic Metazoa, in so far 
as these forms have sprung from a common triploblastic 
ancestor, is an homologous structure. 

The second proposition follows from the first. The mesoblast 
can only have ceased to be homologous throughout the triploblastica 
by additions from the two primary layers, and the existence of such 
additions is negatived by the first proposition. 

^ The connective-tissue test of the Tonicata, though derived from the epiblast, is 
not really an example of such a differentiation. 
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These two propositions, which hang together, are possibly only 
approximately true, since it is quite possible that future investiga- 
tions may shew that differentiations of the two primary layers are 
not so rare as has been hitherto imagined. 

Ranvier* finds that the muscles of the sweat-glands are developed from 
the inner part of the layer of epiblast cells, invaginated to form these 
glands. 

Gotte* describes the epiblast cells of the larva of Comatulaas being at a 
certain stage contractile and compares them with the epithelio-muscular 
cells of Hydm. These cells would appear subsequently to be converted 
into a simple cuticular structure. 

It is moreover quite possible that fresh differentiations from the 
two primary layers may have arisen after the triploblastic condition 
had been established, and by the process of simplification of develop- 
ment and precocious segregation, as Lankester calls it, have become 
indistinguishable from the normal mcsoblast. In spite of these 
exceptions it is probable that the major part of the muscular system 
of all existing triploblastic forms has been differentiated from the 
muscular system of the ancestor or ancestors (if there is more than 
one phylum) of the triploblastica. In the case of other tissues there 
are a few instances which might be regarded as examples of an 
organ primitively developed in one of the two primary layers having 
become secondarily carried into the mesoblast. The notochord has 
sometimes been cited as such an organ, but, as indicated in a 
previous chapter, it is probable that its hypoblastic origin can always 
be demonstrated. 



Fitt. 206. Epibolic gahtuula of Bonellia. (After bpeiigel.) 

A. Stage when the four hypoblast cells are nearly enclosed. 

B. Stage after the formation of the mesoblast has commenced by an infolding of 
the lips of the blastopore. 

ei). epiblast; me. mesoblast; hi, blastopore. 

^ M. L. Ranvicr, “Sur la structure des glandes sudoiiparos.” Comptca RnKlaa, 
Bee. 29, 1879. ’ 

® A. Gotte, “Verglcieh, Entwick. d. Comatula mediterranea.” Airliir f ntikr 
Amt. vol. xiT. p. r»97. ‘ 
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The nervous system, although imbedded in mesoblastic derivates 
in the adults of all the higher triploblastica, retains with marvellous 
constancy its epiblastic origin (though it is usually separated from 
the epiblast prior to its histogenic diferentiation) ; yet in the Cepha- 
lopoda, and some othel^ MoUusca, the evidence is m favour of its 
developing in the mesoblast. Should future investigations confirm 
these conclusions, a good example will be afforded of an organ 
changing the layer from which it usually develops\ The explanation 
of such a change would be precisely the same as that alre^y given 
for the mesoblast as a whole. 

The actual mode of origin of various tissues, which in the 
true triploblastic forms arise in mesoblast, can be traced in the 
Coelenterata®. In this group the epiblast and hypoblast both give 
rise to muscular and connective-tissue elements ; and although the 
main part of the nervous system is formed in the epiblast, it seems 
certain that in some types nerves may be derived from the hypo- 
blast*. These facts are extremely interesting, but it is by no means 



FlO. 207. Two TRANBVERSB SECTIONS THROUGH EMBRYOS OF HyDROPHILUB PICEUS. 

(After Kowalevsky.) 

A. Section through an embryo at the point where the two germinal folds most 
approximate. 

B. Section through an embryo, in the anterior region where the folds of the 
amnion have not united. 

germinal groove ; me, mesoblast; am. amnion; yh. yolk. 

^ The Hertwigs hold that there is a distinct part of the nervous system which was 
at first differentiated in the mesoblast in many types, amongst othere the MoUusoa.- 
The evidence in favour of this view is extremely scanty and the view itself appears to 
me highly improbable. 

> ^e reader is referred for this subject to the valuable memoirs which have been 
recently published by the Hertwigs, especiaUy to No. 270 . Ho will find a general 
account of the subject written before the appearance of the Hertwigs’ memoir in 
pp. 149 and 150 of Volume i. of this treatise.' 

* It would be interesting to know the history of the various nervous structures 
found in the walls of the alimentary tract in the higher forms. 1 have shewn 
{Development of EUumobranch Fishes, p. 172) that the central part of the sympa- 
thetic system is derived from the epiblast. It would however be well to work over the 
devdopment of Auerbach’s plexus. 

B. IL II. 
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certain that any conclusions can be directly drawn from them as to 



Fig. 208 . Figures illustrating the development or Astacur. 

(From Parker; after Beichenbach.) 

A. Section through part of the ovum during segmentation, n. nuclei; u\y. white 
yolk; y.p. yolk pyramids ; c. central yolk mass. 

B. and C. Longitudinal sections of the gastrula stage, a, archenteron; h. blasto- 
pore; im. mesoblast; ec, epiblast; en, hypoblast, distinguished from epiblast by 
shading. 

D. Highly magnified view of anterior lip of blastopore, to shew the origin of the 

primary mesoblast from the wall of the archenteron. p.ms. primary mesoblast; ec. 
epiblast; en. hypoblast. \ 

E. Two hypoblast cells to shew the amoeba-like absorption of yolk spheres. 
y. yolk; n. nucleus ;p. peudopodial process. 

F. Hypoblast cells giving rise endogenously to the secondary mesoblast («.wi«.); 
n. nucleus. 

the actual origin of the mesoblast in the triploblastic forms, till we 
know from what diploblastic forms the triploblastica originated. 
All that they shew is that any of the constituents of the mesoblast 
may have originated from either of the primitive layers. 

For further light as to the origin of the mesoblast, it is necessary 
to turn to its actual development. 

The following summary illustrates the more important modes in 
which the mesoblast originates, 

1. It grows inwards from the lips of the blastopore as a pair of 
bands. In these cases it may originate (a) from cells which are 
clearly hypoblastic, (b) from cells which are clearly epiblastic, (c) 
from cells which cannot be regarded as belonging to either layer. 

MolluBca — Gasteropoda, Cephalopoda, and Lamellibranchiata. In 
Ckksteropoda and Lamellibranchiata the mesoblast sometimes originates 
from a pair of cells at the lips of the blastopore, though very probably 
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some of the elements subsequently come from the epiblast ; and in Cepha- 
lopoda it begins as a ring of cells round the edge of the blastoderm, 

Pol3rzoa Entoprocta. — It originates from a pair of cells at the lips of 
the blastopore. 

Ohsatopoda — Euaxes. It arises as a ridge of cells at the lips of the 
blastopore (fig. 200), 

Qephyrea — Bonellia. It arises (fig. 206) as an infolding of the epi- 
blastic lips of the blastopore. 

Nematebninthes — Cucullanus. It grows backwards from the hypo- 
blast cells at the persistent oral opening of the blastopore. 

Traoheata Insecta. It grows inwards from the lips of the germinal 

groove (fig. 207 ), which probably represent the remains of a blastopore. Part 
of the mesoblast is probably also derived from the yolk* cells. A similar 
though more modified development of the mesoblast occurs in the Araneina 

Crustacea— Decapoda. It partly grows in from the hypoblastic lips 
of the blastopore, and is partly derived from the yolk-cells (fig. 208). 



Fig. 209. Three stages in the deyelopment of Sagitta. (A. and C. after 
BUtsehli, and 5. after Kowalevsky.) 

The three embryos are represented in the same positions. 

A. Represents the gastrula stage. 

B. Represents a succeeding stage, in which the primitive archenteron is com- 
mencing to be divided into three. 

C. Represents a later stage, in which the mouth involution (m) has become con- 
tinuous with the alimentary tract, and the blastopore has become closed. 

m, mouth aL alimentary canal; ae. archenteron; hhp, blastopore; pv, peri- 
visceral cavity; $p. splanchnic mesoblast; so, somatic mesoblast; ge, generative 
organs. 

2. The mesoblast is developed from the walls of hollow out- 
growths of the archenteron, ♦he cavities of which become the body 
cavity. 

foachiopoda — The walls of a pair of outgrowths form the whole of 
the mesoblast. 

duBtognatha — The mesoblast arises in the same manner as in the 
Brachiopoda (fig. 209). 

Echinodermata — The lining of the peritoneal cavity is developed 
from the walls of outgrowths of the archenteron, but the greater part of 
the mesoblast is derived from the amoeboid cells budded off from the walls 
of the archenteron (fig. 210). 


19—2 
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Enteropnensta (Balanoglossus) — The body cavity is derived from 
two pairs of alimentary diverticula, the walls of which give rise to the 
greater part of the mesoblast. 

Ohordata. — Paired archenteric outgrowths give rise to the whole me- 
soblast in Amphioxus {fig. 211), and the mode of formation of the meso- 
blast in other Chordata is probably secondarily derived from this. 


3. The cells which will form the mesoblast become marked out 
very early, and cannot be regarded as definitely springing from 
either of the primary layers. 

Turbellaria — Leptoplana (fig. 212), Planaria polychroa (1). 

Ohsetopoda. — Lumbricus, &c. 

Discophora. 

It is very possible that the cases quoted under this head ought more 
properly to belong to group 1. 


4. The mesoblast cells are split off from the epiblast. 

Nemertea — Larva of Desor. The mesoblast is stated to be split off 
from the four invaginated discs. 


5, The mesoblast is split off from the hypoblast. 

Nemertea — Some of the ty])es without a metamorphosis. 

Mollusca. — Scaphopoda. It is derived from the lateral and ventral 
cells of the hyix)blast. 

Qephyrea* — Phascolosoma. 

Vertebrata. — In most of the Ichthyopsida the mesoblast is derived 
from the hypoblast (fig. 213). In some types {Le. most of the Amniota) 
the mesoblast might be described as originating at the lips of the blasto- 
pore (primitive streak). 



Blji.Ptd, 


Fio. 210. Longitudinal section 

THBOUGH AN EMBRYO OJf CUCUMABIA DO- 
LZOLUH AT THE END OF THE FOURTH DAT. 

Vpv. vaso-peritoneal vesicle; ME. 
mesenteron; Blp.f Ptd. blastopore, proc- 
tod»nm. 


6. The mesoblast is derived 
from both germinal layers. 

Tracheata — Araneina (fig. 214). 
It is derived partly from cells split off 
from the epiblast and partly from the 
yolk-cells; but it is probable that the 
statement that the mesoblast is de- 
rived from both the germinal layers 
is only formally accurate ; and that 
the derivation of part of the mesoblast 
from the yolk-cells is not to be in- 
terpreted as a derivation from the 
hypoblast. 

Amniota. — The derivation of the 
mesoblast of the Amniota from both 
the piimary germinal layers is with- 
out doubt a secondary process. 

The conclusions to be drawn 
from the above summary are by no 
means such as might have been 
anticipated. The analogy of the 



Fig. 211. Sections of an Amphioxus embryo at three stages. (After Kowalevsky.) 

A. Section at gastrula stage. 

B. Section of a somewhat older embryo. 

C. Section through the anterior part of still older embryo. 

ftp. neural plate; nc. neural canal; m^s. archenteron in A, and mesenteron in B 
andC; ch. notochord; so, mesoblastic somite. 


Such, however, is not for the most part the case, though more 
complete investigations may shew that there are a greater number 
of instances in which the mesoblast has a mixed origin than might 
be supposed from the above summary. 

I have attempted to reduce the types of development of the 
mesoblast to six; but owing to the nature of the case it is not 
always easy to distinguish the first of these from the last four. Of 
the six types the second will on most hands be admitted to be the 
most remarkable. The formation of hollow outgrowths of the ar- 
chenteron, the cavities of which give rise to the body cavity, can 
only be explained on the supposition that the body cavity of the 
types in which such outgrowths occur is derived from diverticula 
cut off from the alimentary tract. The lining epithelium of the 
diverticula — the peritoneal epithelium — is clearly part of the primi- 
tive hypoblast, and this part of the mesoblast is clearly hypoblastic 
in origin. 


A/ 


Fig. 212. Sections through the ovum of Leptoplana tremellaris in three 
STAGES of development. (After Hallez. ) 
epiblast; 7«. mesoblast; /ry. yolk-cells (hypoblast); W. blastopore. 

In the case of the Chaetognatha (Sagitta), Brachiopoda, and 
Amphioxus, the whole of the mesoblast originates from the walls of 
the diverticula ; while in the Echinodermata the walls of the diver- 
ticula only give rise to the vaso-peritoneal epithelium, the remainder 
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of the mesoblast being derived from amoeboid cells which spring 
from the walls of the arcbenteron before the origin of the vaso- 
peritoneal outgrowths (figs. 199 and 210). 

Reserving for the moment the question as to what conclusions 
can be deduced from the above facts as to the origin of the meso- 
blast, it is important to determine how far the facts of embryology 
warrant us in supposing that in the whole of the triploblastic forms 
the body cavity originated from the alimentary diverticula. There 
cau be but little doubt that the mode of origin of the mesoblast in 
many Vertebrata, as two solid plates split off from the hypoblast, in 

which a cavity is secondarily 
developed, is an abbreviation of 
the process observable in Am- 
phioxus; but this process ap- 
proaches in some forms of Ver- 
tebrata to the ingrowth of the 
mesoblast from the lips of the 
blastopore. 

It is, therefore, highly pro- 
bable that the paired ingrowths 
of the mesoblast from the lips 
of the blastopore may have been 
in the first instance derived from 
a pair of archenteric diverticula. 




This process of formation of the 
Fio. 213. Two SECTIONS OF A YOUNG luesoblast is, as may be seen by 

Elabmobbanch embbyo, to shew the me. reference to the summarv the 
80BLA8T SPLIT OIF AS TWO LATERAL MASSES Lo inc bummary, rne 

FROM THE HYPOBLAST. most frequent, including as it 

mg, meduUary ^oove; ep. epiblast; m, does the Chsetopoda, the Mol- 
mesoblast; hy, hypoblast ; n.al, cells ±i a i o i 

formed around the nuclei of the yolk which Arthropoda, &c. 

have entered the hypoblast. While there is no difficulty in 

the view that the body cavity may 
have originated from a pair of enteric diverticula in the case of the forms 


where a body cavity is present, there is a considerable difficulty in holding 
this view, for forms in which there is no body cavity distinct from the ali- 
mentary diverticula. 


Of these types the Platyelminthes are the most striking. It is, no 
doubt, possible that a body cavity may have existed in the Platyelminthes, 
and become lost ; and the case of the Discophora, which in their muscular 


^ The wide occurrence of this process was first pointed out by Babl. He holds, 
however, a peculiar modification of the gastraea theory, for which I must refer the 
reader to his paper (No. 284 ); according to this theory the mesoblast has sprung from a 
zone of cells of the blastosphere, at the junction between the cells which will be 
invaginated and the epiblast cells. In the bilateral blastosphere, from which he holds 
that all the higher forms (Bilateralia) have originated, these cells had a bilateral 
arrangement, and thus the bilateral origin of the mesoblast is explained. The origin 
of the mesoblast from the lips of the blastopore is explained by the position of its 
mother-cells in the blastosphere. It need scarcely be said that the views already put 
forward as to the probable mode of origin of the mesoblast, founded on the analogy of 
the Coslenterata, are quite incompatible with BaU’s theories. 
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and connective tissue systems as well as in the absence of a body cavity 
resemble the Platyelminthes, may be cited in favour of this view, in that, 
being closely related to the Chsetopoda, they are almost certainly descended 
from ancestors with a true body cavity. The usual view of the primi- 
tive character of th^Platyelminthes, which has much to support it, is, 
however, opposed to the idea that the body cavity has disappeared. 

If Kowalevsky* is right in stat- 
ing that he has found a form inter- 
mediate between the C<jelenterata 
and the Platyelminthes, there will 
be strong grounds for holding that 
the Platyelminthes are, like the 
Coelenterata, forms the ancestors of 
which were not provided with a 
body cavity. 

Perhaps the tri])loblastica are 
composed of two groups, viz. (1) a 
more ancestral group (the Platyel- 
minthes), in which there is no body 
cavity as distinct from the alimen- 
tary, and (2) a group descended from 
these, in which two of the alimen- 
tary diverticula have become sepa- 
rated from the alimentary tract to 
form a body cavity (remaining tri- 
ploblastica). However this may be, 
the above considerations are sufficient 
to shew how much there is that is 
still obscure with reference even to the body cavity. 

If embryology gives no certain sound as to the questions just 
raised with reference to the body cavity, still less is it to be hoped 
that the remaining questions with reference to the origin of the 
mesoblast can be satisfactorily answered. It is clear, in the first 
place, from an inspection of the summary given above, that the 
process of development of the mesoblast is, in all the higher forms, 
very much abbreviated and modified. Not only is its differentiation 
relatively deferred, but it does not in most cases originate, as it must 
have done to start with, as a more or less continuous sheet, split off 
from parts of one or both the primary layers. It originates in most 
cases from the hypoblast, and although the considerations already 
urged preclude us from laying very great stress on this mode of 
origin, yet the derivation of the mesoblast from the walls of archenteric 
outgrowths suggests the view that the whole, or at any rate the greater 
part, of the mesoblast primitively arose by a process of histogenic differ- 
entiation from the walls of the archenteron or rather from diverticula 

1 Zoologischer Anzeiger, No. 62, p. 140. This form has been named by Kowalevsky 
CoRloplana Metachnikowii, Kowalevsky’s description appears, however, to be quite 
compatible with the view that this form is a creeping Ctenophor, in no way relate to 
the Turbellarians. 



Fig. 214. Section THiiouan an em- 
bryo OF Agelena labyrinthica. 

The section is represented with the 
ventral plate upwards. In the ventral 
plate is seen a keel-like thickening, which 
gives rise to the main mass of the meso- 
blast. 

yk, yolk divided into large polygonal 
cells, in several of which are nuclei. 
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of these walls. This view, which was origiMlly put forward by 
myself (No. 260), appears at first sight very improbable, but if the 
statement of the Hertwigs (No. 270), that there is a large develop- 
ment of a hypoblastic muscular system in the Actinozoa, is well 
founded, it cannot be rejected as impossible. Lankester (No. 279), 
on the other hand, has urged that the mode of origin of the meso- 
blast in the Echinodermata is more primitive ; and that the amoeboid 
cells which here give rise to the muscular and connective tissues re- 
j resent cells which originally arose from the whole inner surface of 
the epiblast. It is, however, to be noted that even in the Echino- 
dermata the amoeboid cells actually arise from the hypoblast, and 
their mode of origin may, therefore, be used to support the view that 
the main part of the muscular system of higlier types is derived from 
the primitive hypoblast. 

The great changes which have taken place in the development 
of the mesoblast w’ould be more intelligible on this view than on the 
view that the major part of the mesoblast primitively originated 
from the epiblast. The presence of food-yolk is much more frequent in 
the hypoblast than in the epiblast ; and it is well known that a large 
number of the changes in early development are caused by food-yolk. 
If, therefore, the mesoblast has been derived from the hypoblast, 
many more changes might be expected to have been introduced into 
its early development than if it had been derived from the epiblast. 
At the same time the hypoblastic origin of the mesoblast would 
assist in explaining how it has come about that the development of 
the nervous system is almost always much less modified than that 
of the mesoblast, and that the nervous system is not, as might, on 
the grounds of analogy, have been anticipated, as a rule secondarily 
developed in the mesoblast. 

The Hertwigs have recently suggested in their very interesting memoir 
(No. 271 ) that the Triploblastica are to be divided into two phyla, ( 1 ) the 
Enterocoela, and (2) the Pseudoccela; the former group containing the 
Chsetopoda, Gephyrea, Brachiopoda, Neniatoda, Arthropoda, Echinoder- 
mata, Enteropneusta and Chordata ; and the latter the Mollusca, Polyzoa, 
the Rotifera, and Platyelminthes. 

The Enteroccela are forms in which the primitive alimentary diver- 
. ticula have given origin to the body cavity, while the major part of the 
muscular system has originated from tlie epithelial walls of these diver- 
ticula, part however l)eing in many cases also derived from the amoeboid 
cells, called by them mesenchyme, by the second process of mesoblastic 
differentiation mentioned on p. 287. 

In the Pseudocoela the muscular system has become differentiated from 
mesenchyme cells ; while the body cavity, where it exists, is merely a 
split in the mesenchyme. 

It is impossible for me to attempt in this place to state fully, or do 
justice to, the original and suggestive views contained in this paper. The 
general conclusion I cannot however accept. The views of the Hertwigs 
depend to a large extent upon the supposition that it is ix)ssible to dis- 
tinguish histologically muscle cells derived from epithelial cells, from those 
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derived from mesenchyme cells. That in many cases, and strikingly so in 
the Chordata, the muscle cells retain clear indications of their primitive 
origin from epithelial cells, 1 freely admit j but I do not believe either 
that its histological chara^r can ever be conclusive as to the non- 
epithelial origin ort. muscle cell, or that its derivation in the embryo 
from an indifferent ammboid cell is any proof that it did not, to start 
with, originate from an epithelial cell. 

I hold, as is clear from the preceding statements, that such immense 
secondary modifications have taken place in the development of the meso- 
blast, that no such definite conclusions can be deduced from its mode of 
development as the Hertwigs su[)pose. 

In support of the view that the early character of embryonic cells is 
no safe index as to their phylogenetic origin, I would point to the few 
following facts. 

(1) In the Porifera and many of the CoBlenterata (Eucope polystyla, 
Geryonia, <kc.) the hypoblast (eiidoderm) originates from cells, which ac- 
cording to the Hei-twigs’ views ought to be classed as mesenchyme. 

(2) In numerous instances muscles which have, phylogenetically, an 
undoubted epithelial origin, are ontogenetically derived from cells which 
ought to be classed as mesencliyme. The muscles of the head in all the 
higher Veitebrata, in which the head cavities have disappeared, are 
examples of this kind ; the muscles of many of the Tracheata, notably the 
Araneina, must also be placed in the same category. 

(3) The Mollusca are considered by the Hertwigs to be typical Pseudo- 
coela. A critical examination of the early development of the mesoblast 
in these forms demonstrates however that with reference to the mesoblast 
they must be classed in the same group as the Chajtopoda. The mesoblast 
(Vol. I. p, 188) clearly originates as two bands of cells which grow 
inwards from the blastopore, and in some forms (Paludina, Vol. i. fig. 
107) become divided into a splanchnic and somatic layer, with a body 
cavity between them. All these processes are such as are, in other in- 
stances, admitted to indicate Enterocoelous affinities. 

The subsequent conversion of the mesoblast elements into amoeboid 
cells, out of which branched muscles are formed, is in my opinion simply 
due to the envelopment of the soft Molluscan body within a hard shell. 

In addition to these instances I may point out that the distinction be- 
tween the Pseudocoela and Enterocoela utterly breaks down in the case of the 
Diecophora, and the Hertwigs have made no serious attempt to discuss the 
characters of this group in the light of their theory, and that the derivation 
of the Echinoderm muscles from mesenchyme ceils is a difficulty which is 
very slightly treated. 

II. Larval forms: their nature, origin and affinities. 

Preliminary considerations. In a general way two types of 
development may be distinguished, viz. a foetal type and a larval 
type. In the foetal type animals undergo the whole or nearly the 
whole of their development within the egg or within the body of the 
parent, and are hatched in a condition closely resembling the adult; 
and in the larval type they are born at an earlier stage of develop- 
ment, in a condition differing to a greater or less extent from the 
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adult, and reach the adult state either by a series of small steps, or 
by a more or less considerable metamorphosis. 

The satisfactory application of embryological data to morphology 
depends upon a knowledge of the extent to which the record of 
ancestral history has been preserved in development. Unless 
secondary changes intervened this record would be complete; it 
becomes therefore of the first importance to the embryologist to 
study the nature and extent of the secondary changes likely to occur 
in the foetal or the larval state. 

The principles which govern the perpetuation of variations which 
occur in either the larval or the foetal state are the same as those 
for the adult condition. Variations favourable to the survival of the 
species are equally likely to be perpetuated, at whatever period of 
life they occur, prior to the loss of the reproductive powers. The 
possible nature and extent of the secondary changes which may have 
occurred in the developmental history of forms, which have either a 
long larval existence, or which are bom in a nearly complete con- 
dition, is primarily determined by the nature of the favourable 
variations which can occur in each rase. 

Where the development is a fcetal one, the favourable variations 
which can most easily occur are — (1) abbreviations, (2) an increase 
in the amount of food-yolk stored up for the u.se of the developing 
embryo. Abbreviations take place because direct development is 
always simpler, and therefore more advantageous ; and, owing to the 
fact of the foetus not being required to lead an independent existence 
till birth, and of its being in the meantime nourished by food-yolk, 
or directly by the parent, there are no, physiological causes to pre- 
vent the characters of any stage of the development, which are of 
functional importance during a free but not during a foetal existence, 
from disappearing from the developmental history. All organs of 
locomotion and nutrition not required by the adult will, for this 
reason, obviously have a tendency to disappear or to be reduced in 
foetal developments; and a little consideration will shew that the 
ancestral stages in the development of the nervous and muscular 
systems, organs of sense, and digestive system will be liable to drop 
out or be modified, when a simplification can thereby be effected. The 
circulatory and excretory systems will not be modified to the same 
extent, because both of them are usually functional during foetal life. 

The mechanical effects of food-yolk are very considerable, and 
numerous instances of its influence will be found in the earlier 
chapters of this work\ It mainly affects the early stages of de- 
velopment, i.e. the form of the gastrula, &c. 

The favourable variations which may occur in the free larva are 
much less limited than those which can occur in the foetus. Secondary 
characters are therefore very numerous in larvae, and there may even 
be larvae with secondary characters only, as, for instance, the larvae 
of Insects. 

^ For numerous instanoes of this kind, vide Chapter xi. of Vol. ii. 
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In spite of the liability of Isurvse to acquire secondary characters, 
there is a powerful counter-balancing influence tending towards the 
preservation of ancestral characters, in that larvae are necessarily 
compelled at all stages of their growth to retain in a functional state 
such syetems of (Jfgans, at any rate, as are essential for a free and 
independent existence. It thus comes about that, in spite of the 
many causes tending to produce secondary changes in larvae, there 
is always a better chance of larvae repeating, in an unabbreviated 
form, their ancestral history, than is the case with embryos, which 
undergo their development within the egg. 

It may be further noted as a fact which favours the relative 
retention by larvae of ancestral characters, that a secondary larval 
stage is less likely to be repeated in development than an ancestral 
stage, because there is always a strong tendency for the former, 
which is a secondarily intercalated link in the chain of development, 
to drop out by the occurrence of a reversion to the original type of 
development. 

The relative chances of the ancestral history being preserved in 
the foetus or the larva may be summed up in the following way : — 
There is a greater chance of the ancestral history being lost in forms 
which develop in the egg ; and of its being masked in those which 
are hatched as larvae. 

The evidence from existing forms undoubtedly confirms the 
a priori considerations just urged'. This is well shewn by a study 
of the development of Echinodermata, Nemertea, Mollnsca, Crustacea, 
and Tunicata. The free larvae of the four first groups are more 
similar amongst themselves than the embryos which develop directly, 
and since this similarity cannot be supposed to be due to the larvae 
having been modified by living under precisely similar conditions, 
it must be due to their retaining common ancestral characters. In 
the case of the Tunicata the free larvae retain much more completely 
than the embryos certain characters such as the notochord, the 
cerebrospinal canal, etc., which are known to be ancestral. 

Types of Laxvse. — Although there is no reason to suppose that 
all larval forms are ancestral, yet it seems reasonable to anticipate 
that a certain number of the known types of larvsB would retain the 
characters of the ancestors of the more important phyla of the animal 
kingdom. 

Before examining in detail Ahe claims of various larvsB to such a 
character, it is necessary to consider somewhat more at length the 
kind of variations which are most likely to occur in larval formsw 

' It has long been known that land and freshwater forms^ develop without a 
metamorphosis much more frequently than marine forms. This is probably to be 
explained by the fact that there is not the same possibility of a land or freshwater 
Bpeoies extending itself over a wide area by the agency of free larvaa, and there is, 
therefore, much less advantage in the existence of such lanras ; whUe the fact of such 
larvsB being more liable to be preyed upon than eggs, which are either concealed, or 
carried about by the parent, might render a larval stage absolutely disadvantageous. 
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CHANGES IN LAEVjE. 


It is probable a priori that there are two kinds of larvae, which 
may be distinguished as primary and secondary larvae. Primary 
larvae are more or less modified ancestral forms, which have continued 
uninterruptedly to develop as free larvae from the time when they 
constituted the adult form of the species. Secondary larvae are those 
which have become introduced into the ontogeny of species, the 
young of which were originally hatched with all the characters of the 
adult ; such secondary larvae may have originated from a diminution 
of food-yolk in the egg and a consequently earlier commencement 
of a free existence, or from a simple adaptive modification in the just 
hatched young. Secondary larval forms may resemble the primary 
larval forms in cases where the ancestral characters were retained 
by the embryo in its development within the egg; but in other 
instances their characters are probably entirely adaptive. 

Causes tending to produce secondary changes in lar'vce. — The modes 
of action of natural selection on larvse may probably be divided more 
or less artificially into two classes. 

1. The changes in development directly produced by the existence 
of a larval stage. 

2. The adaptive changes in a larva acquired in the ordinary 
course of the struggle for existence. 

The changes which come under the first head consist essentially 
in a displacement in the order of development of certain organs. 
There is always a tendency in development to throw back the 
differentiation of the embryonic cells into definite tissues to as late 
a date as possible. This takes place in order to enable the changes 
of forrn, which every organ undergoes, in repeating even in an 
abbreviated way its phylogenetic history, to be effected with the 
least expenditure of energy. Owing to this tendency it comes about 
that when an organism is hatched as a larva many of the organs are 
still in an undiferentiated state, although the ancestral form which 
this larva represents had all its organs fully differentiated. In order, 
however, that the larva may be enabled to exist as an independent 
organism, certain sets of organs, e,g. the muscular, nervous, and 
digestive systems, have to be histoiogically differentiated. Jf the 
period of foetal life is shortened, an earlier differentiation of 
certain organs is a necessary consequence; and in almost all cases 
the existence of a larval stage causes a displacement in order of 
development of organs, the complete differentiation of many organs 
being retarded relatively to the muscular, nervous, and digestive 
systems. 

The possible changes under the second head appear to be un- 
limited. There is, so far as I see, no possible reason why an indefinite 
number of organs should not be developed in larvae to protect them 
from their enemies, and to enable them to compete with larvae of 
other species, and so on. The only limit to such development 
appears to be the shortness of larval life, which is not likely to be 
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prolonged, since, ceteris paribus, the more quickly maturity is reached 
the better it is for the species. 

A very superficial examination of marine larvae shews that there 
are certain peculi^ities common to most of them, and it is important 
to determine how Tar such peculiarities are to be regarded as adaptive. 
Almost all marine larvae are provided with well-developed organs of 
locomotion, and transparent bodies. These two features are precisely 
those which it is most essential for such larvae to have. Organs of 
locomotion are important, in order that larvae may be scattered as 
widely as possible, and so disseminate the species ; and transparency 
is very important in rendering larvae invisible, and so less liable to 
be preyed upon by their numerous enemies \ 

These considerations, coupled with the fact that almost all 
free-swimming animals, which have not other special means of 
protection, are transparent, seem to shew that the transparency of 
larvae at all events is adaptive; and it is probable that organs of 
locomotion are in many cases specially developed, and not ancestral. 

Various spinous processes on the larvae of Crustacea and Teleostei 
are also examples of secondarily acquired protective organs. 

These general considerations are sufficient to form a basis for the 
discussion of the characters of the known types of larvae. 

The following table contains a list of the more important of such 
larval forms : 

Bictemid^. — The Inlusoriform larva (vol. i. fig. 62). 

PoBiFEBA. — (a) The Amphiblastula larva (fig. 215), with one-half of the body 
ciliated, and the other half without cilia; (5) an oval uniformly ciliated larva, which 
may be either solid or have the form of a vesicle. 

CcELENTERATA. — The planula (fig. 216). 

Tubbellabia — (a) The eight-lobed larva of Muller (fig. 222); (6) the larva of Gotte 
and Metschnikoff, with some FUidium characters. 

Kemebtea.— The Filidium (fig. 221). 

Tbematoda. — The Cercaria. 

Kotifeba. — The Trochosphere-like larva of Brachionus (fig. 217) and Lacinularia. 

Mollvbga. — The Trochosphere larva (fig. 218), and the subsequent Veliger larva 
(fig. 219). 

Bbachiopoda. — The three-lobed larva, with a postoral ring of cilia (fig. 220). 

Foltzoa. — A larval form with a single ciliated ring surrounding the mouth, and an 
aboral ciliated ring or disc (fig. 228). 

CH.STOPODA.— Various larval forms with many characters like those of the molluscan 
Trochosphere, frequently with distinct transverse bands of cilia. They are classified 
as Atrochfle, Mesotrochte, Telotrochas (fig. 225 a and fig. 226), Folytrocbae, and 
Monotrochfle (fig. 225 b). 

Gephybea Nuda. — Larval forms like those of preceding groups. A specially 
characteristic larva is that of Echiurus ^fig. 227). 

Gephybea Tubicola. -Actinotrocha (fig, 230), with a postoral ciliated ring of 
arms. 

Hybiapoda. — A functionally hexapodous larval form is common to all the Chilognatha 
(vol. I. fig. 174). 

Insbcta. — Various secondary larval forms. 

CBnsTAOEA.-»The Nauplius (vol. i. fig. 208) and the Zoiea (vol. i. fig. 210). 

^ The phosphorescence of many larva is very peculiar. I should have anticipated 
that phosphorescence would have rendered them much more liable to be captured by 
the forms which feed upon them ; and it is difficult to see of what advantage it can be 
to them. 
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ficHiNODERMATA.-^Xhe Aurioularia (fig. 223 a), the Bipinnaria (fig. 223 b), and the 
PlnteuB (fig. 224), and the transversely-ringed larve of Grinoidea (yol. i. fig. 268). The 
three first of which can be reduced to a common type (fig. 231 c). 

Entbropnbtjsta. — Tornaria (fig. 229). 

Uboohobda (Tunicata). — The tadpole-like larva (vol. ii. fig. 8). 

Ganoidei. — A larva with a disc with adhesive papillsB in front of the mouth (vol. it. 
fig. 67). 

Abubous Amphibu. — The tadpole (vol. n. fiig. 80). 

Of the larval forms included in the above list a certain number 
are probably without affinities outside the group to which they 
belong. This is the case with the larvae of the Myriapoda, the 
Crustacean larvae, and with the larval forms of the Chordata. I 
shall leave these forms out of consideration. 



Fio. 215. Two FREE STAGES IN THE DEVELOPMENT OP SyCANDRA RAPHANTTR. 

(After Schultze.) 

A. Amphiblastula stage. 

B. Stage after the ciliated cells have commenced to be invaginated. 

r.s. segmentation cavity; ec, granular epiblast cells ; en. ciliated hypoblast cells. 

There are, again, some larval forms which may possibly turn out 
hereafter to be of importance, but from which, in the present state of 
our knowledge, we cannot draw any conclusions. The infusoriform 
larva of the Dicyemidae, and the Cercaria of the Trematodes, are such 
forms. 

Excluding these and certain other forms, we have finally left for 
consideration the larv® of the Coelenterata, the Turbellaria, the 
Botifera, the Nemertea, the Mollusca, the Polyzoa, the Brachiopoda, 
the Chffitopoda, the Gephyrea, the Echinodermata, and the il^tero- 
pneusta. 

The larv® of these forms can be divided into two groups. The 
one group contains the larva of the Cmlenterata or Planula, the other 
group the larv® of all the other forms. 
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Fig. 216. Thbee larval stages op Eucope polystyla. (After Kowalevsky.) 

A. Blastosphere stage with hypoblast spheres becoming budded into the central 
cavity. 

B. Planula stage with solid hypoblast. 

C. Planiila stage with a gastric cavity. 

ep. epiblast; hy. hypoblast; «/. gastric cavity. 


It is a two-layered organism, with a 
form varying from cylindrical to oval, 
and usually a radial symmetry. So 
long as it remains free it is not 
usually provided with a mouth, and 
it is as yet uncertain whether or 
no the absence of a mouth is to be 
regarded as an ancestral character. 
The Planula is very probably the an- 
cestral form of the Coelenterata. 

The larvae of almost all the other 
groups, although they may be sub- 
divided into a series of very distinct 
types, yet agree in the possession of 
certain common characters*. There 
is a more or less dome-shaped dorsal 
surface, and a flattened or concave 
ventral surface, containing the open- 
ing of the mouth, and usually ex- 
tending posteriorly to the opening of 
the anus, when such is present. 

The dorsal dome is continued in 



Fig. 217. Embryo of Brachionus 

i>RCEOLARIS, SHORTLY BEFORE IT 18 

HATCHED. (After Salensky.) 

m. mouth ; ms. masticatory appa- 
ratus; me, mesenteron; an. anus; 
hf. lateral gland; or. 

(foot); tr. trochal di 
oesophageal ganglion. 


front of the mouth to form a large prceoral lobe. 


^ The larva of the Brachiopoda does not possess must of the characters mentioned 
below. It is probably, all the same, a highly differentiated larval foiin belonging to this 
group. 
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LARVjE of the triploblastica. 


There is usually present at first an uniform covering of cilia ; but 
in the later larval stages there are almost always formed definite 
bands or rings of long cilia, by which locomotion is effected. These 
bands are often produced into arm-like processes. 

The'alimentary canal has, typically, the form of a bent tube with 
a ventral concavity, constituted (when an anus is present) of three 
sections, viz. an oesophagus, a stomach, and a rectum. The oeso- 
phagus and sometimes the rectum are epiblastic in origin, while the 
stomach always and the rectum usually are derived from the hypo- 
blast\ 

To the above characters may be added a glass-like transparency ; 

and the presence of a wid- 
ish space possibly filled 
with gelatinous tissue, and 
often traversed by contrac- 
tile cells, between the ali- 
mentary tract and the body 
wall. 

Considering the very 
profound differences which 
exist between many of 
these larvae, it may seem 
that the characters just 
enumerated are hardly suf- 
ficient to justify my group- 
ing them together. It is, 
however, to be borne in 
mind that my grounds for 
doing so depend quite as 
much upon the fact that 
they constitute a series 



Fio. 218. Dugbam of an embryo of Pleobo- 
BRANCHiDiUM. (From Lankester.) 

/.foot; ot. otocyst; m. month; r. velum; ng. 
nerve ganglion; ry, residual yolk spheres; shs, 
sheU-cpIana; i. intestine. 



Fxo. 219. liABVJB OF ObFHALOPBOBOUS MoLLUBOA in ten VZLIGBB 8TAOB. 
(From (3tegenbaur.) 

A. and B. Earlier and later stage of Gasteropod. 0. Pteropod (Cymbolia). 
o. velum; c. shell; foot; op. operculum; i. tentacle. 

^ There is some uncertainty as to the development of the OBsophagus in the Echino- 
dennata, but recent researches appear to indicate that it is develop^ from the hypoblast. 
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without any great breaks in it, as upon the existence of characters 
common to the whole of them. It is also 
worth noting that most of the characters 
which have bejgp enumerated as common to 
the whole of these larvae are not such second- 
ary characters as (in accordance with the 
considerations used above) might be expected 
to arise from the fact of their being sub- 
jected to nearly similar conditions of life. 

Their transparency is, no doubt, such a 
secondary character, and it is not impossible 
that the existence of ciliated bands may be 
so also; but it is quite possible that i( as 
I suppose, these larvae reproduce the cha- 
racters of some ancestral form, this form may 
have existed at a time when all marine 
animals were free-swimming, and that it 
may, therefore, have been provided with at 
least one ciliated band. 

The detailed consideration of the charac- 
ters of these larvae, given below, supports 
this view. 

This great class of larvae may, as already 
stated, be divided into a series of minor subdivisions. These sub- 
divisions are the following : 

1. The Pnidium Group. — This group is characterised by the 
mouth being situated nearly in the centre of the ventral surface, and 
by the absence of an anus. It includes the Pilidium of the Nemer- 



Fio. 220. Labva of Ar- 
oioFE. (From Gegenbaur; 
after Kowalevsky.) 

m. mantle ; h, setie ; 
d, archenteron. 



Fio. 221. Two STAGES IN THE DEVELOPMENT OF PxLiDitJM. (After Metsdhiukoff.) 
ae, arohentexon; oe. oesophagas; st. stomach; am. amnion; pr.d. prostomial 
disc ; po.d. metastomial disc ; c,s, oepbalio sack (lateral pit). 
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THE TROCHOSPHEBE GROUP, 


tines (fig. 221)» and the various larvae of marine Dendrocoela (fig. 
222). At the apex of the praeoral lobe a thickening of epiblast may 
be present, from which (fig. 232) a contractile cord sometimes passes 
to the oesophagus. 

2. The Echinoderm Group. — This group (figs. 223, 224 and 
231 C) is characterised by the presence of a longitudinal postoral 
band of cilia, by the absence of special sense organs in the praeoral 
region, and by the development of the body-cavity as an outgrowth 
of the alimentary tract. The three typical divisions of the alimen- 
tary tract are present, and there is a more or less developed praeoral 
lobe. This group only includes the larvae of the Echinodermata. 

3. The Trochosphere Group— This group (figs. 225, 226) is 
characterised by the presence of a praeoral ring of long cilia, the 
region in front of which forms a great part of the praeoral lobe. The 
mouth opens immediately behind the pi*aeoral ring of cilia, and there 



FlO. 23^ A. XjABTA of Evbylefta aobiculata immeoiatelt after hatching. 
ViEWSH vmms . thb bidx. (After Hi^lez.) ni, mouth. 

B. MvtzjBB’s Tubbbllabun labta (fbobably Thtranozoon). Viewed from the 
TBKTBAD SHBFAiCB* (After Mtiller. ) The ciliated band is represented by the black line. 
m. moath; uX npp^lip. 

is very often a second ring of short cilia parallel to the main ring, 
immediately behind the mouth. The function of the ring of short 
cilia is nutritive, in that its cilia are employed in bringing food to 
the mouth ; while the function of the main ring is locomotive. A 
perianal patch or ring of cilia is often present (fig. 225 A), and in 
many forms intermediate rings are developed between the praeoral 
and perianal rings. 

The praeoral lobe is usually the seat of a special thickening of 
epiblast, which gives rise to the supra-cesophageal ganglion of the 
adult. On this lobe optic organs are very often developed in con- 
nection with the supra-cesophageal ganglion, and a contractile band 
frequently passes from this region to the oesophagus. 
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The alimentary tract is formed of the three typical divisions. 

The body cavity is not developed directly as an outgrowth of the 
alimentary tract, though the pro- 
cess by which it originates is very A. b 

probably sed8ndarily modified j 

from a pair of alimentary out- ^ ^ 

Paired excretory organs, open- 
ing to the exterior and into the \ 

body cavity, are often present \ \ IBL 

(fig. 226 npA). \ \ 

This type of larva is found in xHly^T 

the Rotifera (fig. 217) (in which j ) 

it is preserved in the adult state), 
the Chsetopoda (figs. 225 and 

226), the Moliusca (fig. 218), the Fio. 223. A. The larva of a Holo- 
Gephyrea nuda (fig. 227), and . 

the Polyzoa (%• 22^‘. mouth; .t. stomach; «. anus; U. 

4* TomarUla — ibis larva primitive longitudinal oDiated band; pr,e, 

(fig. 229) is intermediate in most prsBoral ciliated band, 
of its characters between the 


larvae of the Echinodermata (more especially the Bipinnaria) and the 
Trochosphere. It resembles Echinoderm larvae in the possession of 
a longitudinal ciliated band (divided into a praeoral and a postoral 
ring), and in the derivation of the body cavity and water-vascular 
vesicle from alimentary diverticula ; and it resembles the Trocho- 
sphere in the presence of sense organs on the praeoral lobe, in the 
existence of a perianal ring of cilia, and in the possession of a con- 
tractile band passing from the praeoral lobe to the oesophs^s. 

5. Actinotrocha. — The remarkable larva of Phoronis (fig. 230), 
known as Actinotrocha, is charac- 

terised by the presence of (1) a post- 
and somewhat longitudinal 
ated ring produced into and 

a perianal ring. is provided 
with a praeoral lobe, and a terminal 
dorsal 

6. The larva of the Brachio- 
poda articnlata (fig. 

The relationships of the six types 
of larval forms thus briefly charac- 
terised have been the subject of a con- Fio. 224. A larva of Stronoy- 

siderable amount of controversy, and (Fro“ ^gwci*.) 

the following suf^estions on their af- ^ m. mouth; o. anus; o. maopha^s; 
unities must be Viewed as somewhat 
speculative. The Pilidium type of tube; r. c^areous rods. 


^ For a discussion as to the structure of the Polyzoon larva, vide Yol. i. p. 253. 
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ORIGIN OF PILIDIUM LARVA, 



larva is in some important respects less highly differentiated than the 
larvsB of the five otner groups. It is, in the first place, without an 
and there are no grounds for supposing that the anus has 


anus ; 

become lost by retrogressive changes. If for the moment it is granted 
that the Pilidium larva represents more nearly than the larvae of the 
other groups the ancestral type of larva, what characters are we led 
to assign to the ancestral form which this larva repeats ? 

In the first place, this ancestral 
form, of which fig. 231 A is an 
ideal representation, would appear 
to have had a dome-shaped body, 
with a flattened oral surface and 
a rounded aboral surface. Its 
symmetry was radial, and in the 
centre of the flattened oral surface 
was placed the mouth, and round 
its edge was a ring of cilia. The 
passage of a Pilidium-like larva 
into the vermiform bilateral Platy- 
elminth form, and therefore it 
may be presumed of the ancestral 
form which this larva repeats, is 
effected by the larva becoming 
more elongated, and by the region 

between the mouth and one end of the body becoming the prseoral 
region, and by an outgrowth between the mouth and the opposite 
end developing into the trunk, an anus 
becoming placed at its extremity in tlie 
higher forms. 

If what has been so far postulated is 
correct, it is clear that this primitive larval 
form bears a very close resemblance to a 
simplified free-swimming Coelenterate (Me- 
dusa), and that the conversion of such a 
radiate form into the bilateral took 
place, not by the elongation of the aboral 
surface, and the formation of an anus there, 
but by the unequal elongation of the oral 
face, an anterior part, together with the 
dome above it, forming a prseoral lobe, and 
a posterior outgrowth the trunk (figs. 226 
and 233); while the aboral surface became 
the dors^ surface. 

This view fits in very well with the anatomicalg resemblances 
between the Coelenterata and the TurbellariaS and shews, if true, 


Fio. 225. Two CHiETOPOD LABViK. 
(From Gegenbaur.) 

o. month; /.intestine; a. anus; v. 
prseoral ciliated band ; w. perianal cilia> 
ted band. 



Flo. 226. POLYOOBDIUS 
LABVA. (After Hatsohek.) 

m, month; sg, supra-cBBO- 
phageal ganglion; nph, ne- 
phridion ; me.p, mesoblastic 
band; an, anus; d, stomaoh. 


> Vide Vol. I. pp, 148 and 158. In this connection attention may be called to 
Caloplam MeUchnikoweif a form described by Kowalevsky, ZoologUcher Anzeiger^ No. 
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that the ventral and median position of the mouth in many Turbel- 
laria is the primitive one. 

The above suggestion as to the mode of passage from the radial into the 
bilateral forno^iffers largely from 
that usually held. Lankester*, for 
instance, gives the following ac- 
count of this passage : 

“It has been recognised by 
various writers, but notably by 
Gegenbaur and Haeckel, that a 
condition of radiate symmetry 
must have preceded the condition 
of bilateral symmetry in animal 
evolution. The Diblastula may be 
conceived to have been at fii*st 
absolutely spherical with spherical 
symmetry. The establishment of 
a mouth led necessarily to the 
establishment of a structural axis 
passing through the mouth, around 
which axis the body was arranged 
with radial symmetry. This con- 
dition is more or less perfectly 
maintained by many Coelenterates, and is reassumed by degradation of 
higher forms (Echinoderms, some Cirrhipedes, some Tunicates). The next 
step is the differentiation of an upper and a lower surface in relation 
to the horizontal position, with mouth placed anteriorly, assumed by the 
organism in locomotion. With the differentiation of a superior and inferior 
surface, a right and a left side, complementary one to the other, are 
necessarily also differentiated. Thus the organism becomes bilaterally 
symmetrical. The Ccelentera are not wanting in indications of this 
bilateral symmetry, but for all other higher groups of animals it is a 
fundamental character. Probably the development of a region in front of, 
and dorsal to the mouth, forming the Prosto- 
mium^ was accomplished pari passu with the 
development of bilateral symmetry. In the 
radially symmetrical Coelentera we find very 
commonly a series of lobes of the body-wall 
or tentacles produced equally — with radial 
symmetry, that is to say — all round the 
mouth, the mouth terminating the main axis 
of the body — that is to say, the organism 
being * telostomiate.* The later fundamental 
form, common to all animals above the Cce- 
lentera, is attained by shifting what was the 
main axis of the body — so that it may be 

52, p. 140, as being intermediate between the Ctenophora and Ihe Tnrbellaria. As 
already mentioned, there does not appear to me to be sufficient evidence to prove that 
this form is not merely a creeping Gtenophor. 

^ Quart, Journ, of Micr. Science, Vol. xvii. pp. 422-3. 
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Fio. 228 . Diaoram of a 

LARVA OF THE POLYZOA. 

m, mouth; an, anus; at* 
stomach; a, ciliated disc. 



Fig. 227. Larva oF Echiurus. (After 
Salensky.) 

m, mouth; an, anus; ag, supra-oesopha- 
geal ganglion (?). 
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described now as the * enteric ’axis; whilst the new main axis, that parallel 
with the plane of progression, passes through the dorsal r^on of the body 
running obliquely in relation to the enteric axis. Only one lobe or out- 
growth of those radially disposed in the telostomiate organisms now per- 
sists. This lobe lies dorsally to the mouth, and through it runs the new 
main axis. This lobe is the Proatomium^ and all the organisms which 
thus develop a new main axis, oblique to the old main axis, may be called 
prostomiate.” 

It will be seen from this quotation that the aboral part of the body is 
supposed to elongate to form the trunk, while the prceoral region is derived 
from one of the tentacles. 


Before proceeding to further considerations as to the origin of the 
Bilateralia, suggested by the Pilidium type of larva, it is necesssary 
to enter into a more detailed comparison between our larval forms. 

A very superficial consideration of the characters of these forms 
brings to light two important features in which they differ, viz. : 

(1) In the presence or absence of sense organs on the praeoral 
lobe. 


(2) In the presence or absence of outgrowths from the alimentary 
tract to form the body cavity. 

The larvae of the Echinodermata and Actinotrocha (?) are without 
sense organs on the prae- 


oral lobe, while the other 
types of larvae are provided 
with them. Alimentary 
diverticula are character- 
istic of the larvae of the 
Echinodermata and of Tor- 
naria. 

If the conclusion al- 
ready arrived at to the 
effect that the prototype 
of the six larval groups 
was descended from a ra- 
diate ancestor is correct, it 
appears to follow that the 
nervous system, in so far 
as it was differentiated, 
had primitively a radiate 
form; and it is also pro- 
bably true that there were 
alimentary diverticula in 
the form of radial pouches, 
two of which may have 
given origin to the paired 
diverticula which become 
the body cavity in such 
types as the Echinoder- 





Fio. 229. Two STAGES IN THE DEVELOPMENT 
OF Tobnabia. (After Metschnikoff.) 

The black lines represent the ciliated bands, 
m. mouth ; an. anus ; hr. branchial cleft ; ht. 
heart ; c. body cavity between splanchnic and so- 
matic mesoblast layers; w. so-called water-vascular 
vesicle ; v. circular blood-vessel. 
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mata, Sagitta, etc. If these two points are granted, the further 
conclusions seem to follow— (1) that the ganglion and sense organs of 
the prasoral lobe were secondary struc- 
tures, whiclf arose (perhaps as differentia- 
tions of an original circular nerve ring) 
after the assumption of a bilateral form ; 
and (2) that the absence of these organs 
in the larvae of the Echinodermata and 
Actinotrocha (?) implies that these larvae 
retain, so far, more primitive characters 
than the Pilidium. The same may be 
said of the alimentary diverticula. There 
are thus indications that in two important 
points the Echinoderm larvae are more 
primitive than the Pilidium. 

The above conclusions with reference 
to the Pilidium and Echinoderm larvae in- 
volve some not inconsiderable difficulties, 
and suggest certain points for further dis- 230. • Actinotrocha. 

CUSsion. (After Metschnikofif.) 

In the first place it is to be noted m. mouth; aii. anus, 
that the above speculations render it 

probable that the type of nervous system from which that found 
in the adults of the Echinodermata, Platyclminthes, Chaetopoda, 
Mollusca, etc., is derived, was a circumoral ring, like that of Medusae, 


A B 



Fio. 281. Thbeb diagrams representing the ideal evolution op various 

LARVAL FORMS. 

A. Ideal ancestral larval form. 

B. Larval form from which the Troohosphere larva may have been derived. 

C. Larval form from which the typical Echinoderm larva may have been derived. 

m. mouth; an. anus; 8t stomach; s.g. supra-oesophageal ganglion. 

The black lines represent the ciliated bands. 
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with which radially arranged sense organs may have been connected ; 
and that in the Echinodermata this form of nervovs system has been 
retained^ while in the other types it has been modified. Its anterior 
part may have given rise to supra-cesophageal ganglia and organs 
of vision ; these being developed on the assumption of a bilaterally 
symmetrical form, and the consequent necessity arising for the sense 
organs to be situated at the anterior end of the body. If this 
view is correct, the question presents itself as to how far the posterior 
part of the nervous system of the Bilateralia can be regarded as 
derived from the primitive radiate ring. 

A circumoral nerve-ring, if longitudinally extended, might give 
rise to a pair of nerve-cords united in front and behind — exactly 
such a nervous system, in fact, as is present in many Nemertines' (the 
Enopla and Pelagonmertes), in Peripatus*, and in primitive molluscan 
types (Chiton, Fissurella, etc.). From the lateral parts of this ring 
it would be easy to derive the ventral cord of the Chaetopoda and 
Arthropoda. It is especially deserving of notice in connection with 
the nervous system of the above-mentioned Nemertinesand Peripatus, 
that the commissure connecting the two nerve-cords behind is placed 
on the dorsaVsiAe of the intestine. As is at once obvious, by referring 
to the diagram (fig. 231 B), this is the position this commissure ought, 
undoubtedly, to occupy if derived from part of a nerve-ring which 
originally followed more or less closely the ciliated edge of the body 
of the supposed radiate ancestor. 

The fact of this arrangement of the nervous system being found 
in so primitive a type as the Nemertines tends to establish the views 
for which I am arguing ; the absence or imperfect development of 
the two longitudinal cords in Turbellarians may very probably be due 
to the posterior part of the nerve-ring having atrophied in this group. 

It is by no means certain that this arrangement of the nervous 
system in some Mollusca and in Peripatus is primitive, though it 
may be so. 

In the larvae of the Turbellaria the development of sense organs in the 
pneoral region is very clear (fig. 222 B); but this is by no means so obvious 
in the case of the true Pilidium. There is in Pilidium (fig. 232 A) a 
thickening of epiblast at the summit of the dorsal dome, which might seem, 
from the analogy of Mitraria, etc. (fig. 233), to corre-spond to the thickening 
of the praeoral lobe, which gives rise to the supra-cesophageal ganglion; but, 
as a matter of fact, this part of the larva does not apparently enter into 
the formation of the young Neraertine (tig. 232). The peculiar metamor- 
phosis, which takes place in the development of the Neraertine out of the 
Pilidium*, may, perhaps, eventually supply an explanation of this fact; but 
at present it remains as a still unsolved ditficulty. 

' Vide Habrecht, “ Zor Anat. und Phys. d. Nerven- System, d. Nemertinen,” K<hi, 
Akad, JVUs., Amsterdam; and **Besearches on the Nervous System of Nemertines,” 
Quart. Joum. of Micr. Science, 1880. 

^ Vide F.U. Balfour, **On some points in the Anat. of Peripatus capensis,” Quart, 
Joum, of 3ffcr. Science, Vol. xix, 1879. 

* Vide Vol. I. p. 109. 
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The position of the flagellum in Pilidium, and of the supraroesophageal 
ganglion in Mitraria, suggests a diflerent view of the origin of the supra- 
(Bsophageal ganglion from that adopted above. The position of the ganglion 
in Mitrari# corresponds closely with that of the auditory organ in Cteno- 
phora; and it is not impossible that the two structures may have had a 


common origin. If this 
view is correct, we must 
suppose that the apex of 
the aboral lobe has be- 
come the centre of the 
prteoral field of the Pi- 
lidium and Trochosphere 
larval forms' — a view 
which fits in very well 
with their structure 
(figs. 226 and 233). The 
whole of the questions 
concerning the nervous 
system are still very ob- 
scure, and until further 
facts are brought to light 
no definite conclusions 
can bo arrived at. 

The absence of 
sense organs on the 
praeoral lobe of larval 
Echinodermata, cou- 
pled with the structure 
of the nervous system 
of the adult, points to 
the conclusion that the 
adult Echinodermata 
have retained, and not, 
as is now usually held, 
secondarily acquired , 
their radial symmetry ; 
and if this is admitted 
it follows that the ob- 
vious bilateral sym- 
metry of Echinoderm 



Fig. 232. A. Pilidium with an advanced Nemeb- 


TiNE Worm. B, Ripe embryo op Nemertes in the 


POSITION IT OCCUPIES IN PiLiDiuM. (Both after ButschU.) 


(B. oesophagus ; st, stomach ; t. intestine ; pr. pro- 
boscis; Ip. lateral pit (ceplialic sack); an, amnion; n. 
nervous system. 


Iarva3 is a secondary character. 

The bilateral symmetry of many Coclenterate larvae (the larva of 
iEginopsis, of many Acraspeda, of Actinia, &c.), coupled with the fact 
that a bilateral symmetry is obviously advantageous to a free-swim- 
ming form, is sufficient to shew that this supposition is by no 
means extravagant; while the presence of only two alimentary 


^ The independent development of the supra-oesophageal ganglion and ventral 
uerve-oord in Chietopoda (vide Kleinenberg, Development of LunSrieue trapezoides) 
agrees very satisfactorily with this view. 
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diverticula in Echinoderm larvae is quite in accord with the presence 
of a single pair of perigastric chambers in the early larva of Actinia, 
though it must he admitted that the derivation of the water-vascular 
system from the left diverticulum is not easy to understand on this 
view. 

A difficulty in the above speculation is presented by the fact of 
the anus of the Echinodermata being the permanent blastopore, and 
arising prior to the mouth. If this fact has any special significance, 
it becomes difficult to regard the larva of Echinoderms and that of 
the other types as in any way related ; but if the views already urged, 
in a previous section on the germinal layers, as to the unimportance of 
the blastopore, are admitted, the fact of the anus coinciding with the 
blastopore ceases to be a difficulty. As may be seen, by referring to 
fig. 231 C, the anus is placed on the dorsal side of the ciliated band. 
This position for the anus adapts itself to the view that the Echino- 
derrn larva had originally a radial symmetry, with the anus placed at 
the aboral apexy and that, with the elongation of the larva on the 
attainment of a bilateral symmetry, the aboral apex became shifted 
to the present position of the anus. 

H may be noticed that the obscure points connected with the absence of 
a body cavity in most adult Platyelrainthes, which have already been dealt 
with in the section of this chapter devoted to the germinal layers, present 
themselves again here; and that it is necessary to assume either that 
alimentary diverticula, like those in the Echinodermata, were primitively 
present in the Platyelmiiithes, but have now disappeared from the ontogeny 
of this group, or that the alimentary diverticula have not become separated 
from the alimentary tract. 

So far the conclusion has been reached that the archetype of the 
six types of larvae had a radiate form, and that amongst existing larvae 
it is most nearly approached in general shape and in the form of the 
alimentary canal by the Pilidium group, and in certain other parti- 
culars by the Echinoderm larvae. ' . 

The edge of the oral disc of the larval archetype was probably 
armed with a ciliated ring, from which the ciliated ring of the Pili- 
dium type and of the Echinodermata was most likely derived. The 
ciliated ring of the Pilidium varies greatly in its characters, and has 
not always the form of a complete ring. In Pilidium proper (fig. 232 A) 
it is a simple ring surrounding the edge of the oral disc. In Muller’s 
larva of Thysanozoon (fig. 222 B) it is inclined at an axis to the 
oral disc, and might be called praeoral, but such a term cannot be 
properly used in the absence of an anus. 

The Echinoderm ring is oblique to the axis of the body, and, 
owing to the fact of its passing ventrally in front of the anus, must 
be called postoral. 

The next point to be considered is that of the affinities of the 
other larval types to these two types. 

The most important of all the larval types is the Trochosphere, 
and this type is undoubtedly more closely related to the Pilidium* 
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than to the Echinoderm larva. Mitraria amongst the Ohaetopods 



Fig. 233, Two btaoes in the development of Mitiiakiv. (After Metschnikoff.) 
m. mouth; an, anus; sg. supra-oesophageal ganglion; hr, and h, provisional 
bristles; pr,h, prseoral ciliated band. 

(fig. 233) has, indeed, nearly the form of a Pilidium, and mainly 
differs from a Pilidium in the possession of an anus and of provisional 
bristles; the same may be said of Cyphonautes (fig. 234) amongst 
the Polyzoa. 

The existence of these two forms appears to shew that the prae- 
oral ciliated ring of the 
Trochosphere may very 
probably be derived directly 
from the circumoral ciliated 
ring of the Pilidium ; the 
other ciliated rings or 
patches of the Trochosphere 
having a secondary origin. 

The larva of the Brachi- 
opoda (fig. 220), in spite of 
its peculiar characters, is, 
in all probability, more 
closely related to the Chai- 
topod Trochosphere than to 
any other larval type. The 
most conspicuous point of 

^reement between them IS, p^. 

however, the possession in blcmatical body (probably a bud), 
common of provisional setae. The aboral apex is turned downwards. 





316 


PHYLOGENETIC CONCLUSIONS, 


Echinoderm larvae differ from the Trochosphere, not only in the 
points already alluded to, but in the character of the ciliated band. 
The Echinoderm band is longitudinal and postoral. As just stated, 
there is reason to think that the praeoral band of the Trochosphere and 
the postoral band of the Echinoderm larva are both derived from a 
ciliated ring surrounding the oral disc of the prototype of these 
larvae {vide fig. 231). In the case of the Echinodermata the anus 
must have been formed on the dorsal side of this ring, and in the 
case of the Trochosphere on the ventral side; and so the difference 
in position between the two rings was brought about. Another view 
with reference to these rings has been put forward by Gegenbaur 
and Lankester,to the effect that the praeoraJ ring of the Trochosphere 
is derived from the breaking up of the single band of most Echinoderm 
larvae into the two bands found in Bipinnaria {vide fig. 223) and the 
atrophy of the posterior band. There is no doubt a good deal to be 
said for this origin of the praeoral ring, and it is strengthened by the 
case of Tomaria; but the view adopted above appears to me more 
probable. 

Actinotrocha (fig. 230) undoubtedly resembles more closely 
Echinoderm larvas than the Trochosphere. Its ciliated ring has 
Echinoderm characters, and the growth along the line of the ciliated 
ring of a series of arms is very similar to what takes place in many 
EcMnoderms. It also agrees with the Echinoderm larvae in the 
absence of sense organs on the praeoral lobe. 

Tornaria (fig. 229) cannot be definitely united either with the 
Trochosphere or with the Echinoderm larval type. It has important 
characters in common with both of these groups, and the mixture of 
these characters renders it a very striking and well-defined larval form. 

Kiylogenetic conclusions. The phylogenetic conclusions which 
follow from the above views remain to be dealt with. The fact that 
all the larvsB of the groups above the Coelenterata can be reduced to 
a common type seems to indicate that all the higher groups are 
descended from a single stem. 

Considering that the larvae of comparatively few groups have 
persisted, no conclusions as to affinities can be drawn from the ab- 
sence of a larva in any group ; and the presence in two groups of a 
common larval form may be taken as proving a common descent, but 
does not necessarily shew any close affinity. 

There is every reason to believe that the types with a Trocho- 
sphere larva, viz. the Rotifera, the Mollusca, the Chaetopoda, the 
Gephyrea, and the Polyzoa, are descended from a common ancestral 
form; and it is also fairly certain there was a remote ancestor common 
to these forms and to the Platyelminthes. A general affinity of the 
Brachiopoda with the Chaetopoda is more than probable. All these 
types, together with various other types which are nearly related to 
them, but have not preserved an early larval form, are descended from 
a bilateral ancestor. The Echinodermata, on the other hand, are pro- 
bably directly descended from a radial ancestor, and have more or less 
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completely retained their radial symmetry. How far Actinotrocha* is 
related to the Echinoderm larvae cannot be settled. Its characters 
may possibly be secondary, like those of the mesotrochal larvae of 
Chaetoj^s, or they may be due to its having branched off very 
early from the stock common to the whole of the forms above the 
Coelenterata. The position of Tomaria is still more obscure. It is 
difficult, in the face of the peculiar water-vascular vesicle with a dorsal 
pore, to avoid the couclusion that it has some affinities with the 
Echinoderm larvae. Such affinities would seem, on the lines of specu- 
lation adopted in this section, to prove that its affinities to the Trocho- 
sphere, striking as they appear to be, are secondary and adaptive. 
From this conclusion, if justified, it would follow that the Echinoder- 
mata and Enteropneusta have a remote ancestor in common, but not 
that the two groups are in any other way related. 

General conclusions and summary. Starting from the demon- 
strated fact that the larval forms of a number of widely separated 
types above the Coelenterata have certain characters in common, it 
has been provisionally assumed that the characters have been inherited 
from a common ancestor ; and an attempt has been made to determine 
(1) the characters of the prototype of all these larvae, and (2) the 
mutual relations of the larval forms in question. This attempt started 
with certain more or less plausible suggestions, the truth of which 
can only be tested by the coherence of the results which follow from 
them, and their capacity to explain all the facts. 

The results arrived at may be summarised as follows : 

1. The larval forms above the Coelenterata may be divided into 
six groups enumerated on pages 305 to 307. 

2. The prototype of all these groups was an organism something 
like a Medusa, with a radial symmetry. The mouth was placed in the 
centre of a flattened ventral surface. The aboral surface was dome- 
shaped. Round the edge of the oral surface was a ciliated ring, and 
probably a nervous ring provided with sense organs. The alimentary 
canal was prolonged into two or more diverticula, and there was no 
anus. 

3. The bilaterally symmetrical types were derived from this 
larval form by the larva becoming oval, and the region in front of the 
mouth forming a prasoral lobe, and that behind the mouth growing 
out to form the trunk. The aboral dome became the dorsal surface. 

On the establishment of a bilateral symmetry the anterior part 
of the nervous ring gave rise (?) to the supra-oesophageal ganglia, and 
the optic organs connected with them; while the posterior part of 
the nerve-ring formed (?) the ventral nerve-cords. The body cavity 
was developed from two of the primitive alimentary diverticula. 

The usual view that radiate forms have become bilateral by the 
elongation of the aboral dome into the trunk is probably erroneous. 

4. Pilidium is the larval form which most nearly reproduces 


* It is quite possible that Phoronis is in no way related to the other Gephyrea. 



318 


GENERAL CONCLUSIONS. 


the characters of the larval prototype in the course of its conversion 
into a bilateral form. 

5. The Trochosphere is a completely differentiated bilateral form, 
in which an anus has become developed. The praeoral ciliated ring 
of the Trochosphere is probably directly derived from the ciliated 
ring of Pilidium, which is itself the original ring of the prototype of 
all these larval forms. 

6. Echinoderm larvae, in the absence of a nerve-ganglion or 
special organs of sense on the praeoral lobe, and in the presence of 
alimentary diverticula, which give rise to the body cavity, retain some 
characters of the prototype larva which have been lost in Pilidium. 
The ciliated ring of Echinoderm larvae is probably derived directly 
from that of the prototype by the formation of an anus on the dorsal 
side of the ring. The anus was very probably originally situated at 
the aboral apex. 

Adult Echinoderms have probably retained the radial symmetry 
of the forms from which they are descended, their nervous ring being 
directly derived from the circular nervous ring of their ancestors. 
They have not, as is usually supposed, secondarily acquired their 
radial symmetry. The bilateral symmetry of the larva is, on this 
view, secondary, like that of so many Coelenterate larvae. 

7. The points of similarity between Tornaria and (1) the Trocho- 
sphere and (2) the Echinoderm larvae are probably adaptive in the 
one case or the other ; and, while there is no difficulty in believing 
that those to the Trochosphere are adaptive, the presence of a 
water-vascular vesicle with a dorsal pore renders probable a real 
affinity with Echinoderm larvae. 

8. It is not possible in the present state of our knowledge to 
decide how far the resemblances between Actinotrocha and Echino- 
derm larvae are adaptive or primary. 
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ORGANOGENY. 


Introduction. 

Our knowledge of the development of the organs in most of the 
Invertebrate groups is so meagre that it would not be profitable to 
attempt to treat systematically the organogeny of the whole animal 
kingdom. 

For this reason the plan adopted in this section of the work 
has been to treat somewliat fully the organogeny of the Chordata, 
which is comparatively well known; and merely to indicate a few 
salient facts with reference to the organogeny of other groups. In 
the case of the nervous system, and of some other organs which 
especially lend themselves to this treatment, such as the organs of 
special sense and the excretory system, a wider view of the subject 
has been taken ; and certain general principles underlying the de> 
veloprnent of other organs have also been noticed. 

The classification of the organs is a matter of some difficulty. 
Considering the character of this treatise it seemed desirable to 
arrange the organs according to the layers from which they are 
developed. The compound nature of many organs, e.g, the eye and 
ear, renders it, however, impossible to carry out consistently such a 
mode of treatment. I have accordingly adopted a rough classification 
of the organs according to the layers, dropping the principle where 
convenient, as, for instance, in the case of the stomodaeum and prgcto- 
daeum. 

The organs which may be regarded as mainly derived from the 
epiblast are (1) the skin ; (2) the nervous system ; (3) the organs of 
special sense. 

Those from the mesoblast are (1) the general connective tissue and 
skeleton ; (2) the vascular system and body cavity ; (3) the muscular 
system ; (4) the urinogenital system. 
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Those from the hypoblast are the alimentary tract and its 
derivates; with which the stomod®um and proctodseum and their 
respective derivates are also dealt with. 
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CHAPTER XIV. 


THE EPIDERMIS AND ITS DERIVATIVES. 


In many of the Coelenterata the outermost layer of the blasto- 
derm is converted as a whole into the skin or ectoderm. The cells 
composing it become no doubt in part differentiated into muscular 
elements and in part into nervous elements, &c. ; but still it may 
remain through life as a simple external membrane. This membrane 
contains in itself indefinite potentialities for developing into various 
organs, and in all the true Triploblastica these potentialities are more 
or less realized. The embryonic epiblast ceases in fact, in the higher 
forms, to become converted as a whole into the epidermis, but first gives 
rise to parts of the nervous system, organs of special sense, and other 
parts. 

After the formation of these parts the remnant of the epiblast 
gives rise to the epidermis, and often unites more or less intimately 
with a subjacent layer of mesoblast, known as the dermis, to form with 
it the skin. 

Various differentiations may arise in the epidermis forming pro- 
tective or skeletal structures, terminal sense organs, or glands. The 
structure of the epidermis itself varies greatly, and for Vertebrates its 
general modifications have been already sufficiently dealt with in 
chapter Xli, Of its special differentiations those of a protective or 
skeletal nature and those of a glandular nature may be considered 
in this place. 

Protective epidermal stracttures. These structures constitute a 
general cuticle or an exoskeleton of scales, hairs, feathers, nails, 
hoofs, &c. They may be entirely formed from the epidermis either 
as (1) a cuticular deposit, or as (2) a chitinization, a cornification, 
or calcification of its constituent cells. These two processes run 
into each other, and are in many cases not easily distinguished. The 
protective structures of the epidermis may be divided into two groups 
according as they are formed on the outer or the inner side of the 
epidermis. Dermal skeletal structures are in many cases added to 
them. Amongst the Invertebrata the most widely distributed type 
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of exoskeleton is a cuticle formed on the outer surface of the 
epidermis, which reaches its highest development in the Arthro- 
poda. In the same class with this cuticle must be placed the mollus- 
can and brachiopod shells, which are developed as cuticular plates 
on special regions of the epidermis. . They differ, however, from the 
more usual form of cuticle in their slighter adhesion to the subjacent 
epidermis, and in their more complicated structure. The test of 
Ascidians is an abnormal form of exoskeleton belonging to this type. 
It is originally formed (Hertwig and Semper) as a cuticle on the sur- 
face of the epidermis ; but subsequently epidermic cells migrate into 
it, and it then constitutes a tissue similar to connective tissue, but dif- 
fering from ordinary epidermic cuticles in that the cells which deposit 
it do so over their whole surface, instead of one surface, as is usually 
the case with epithelial cells. 

In the Vertebrata the two types of exoskeleton mentioned above 
are both found, but that developed on the inner surface of the epi- 
dennis is always associated with a dermal skeleton, and that on the 
outer side frequently so. The type of exoskeleton developed on the 
inrk^ side of the general epidermis is confined to the Pisces, where it 
appears as the scales ; but a primitive form of these structures persists 
as the teeth in the Amphibia and Amniota. The type developed on 
the outer side of the epidermis is almost entirely^ confined to the 
Amphibia and Amniota, where it appears as scales, feathers, hairs, 
claws, nails, &c. For the histological details as to the formation of 
these various organs I must refer the reader to treatises on histology, 
confining my attention here to the general embryological processes 
which take place in their development. 

The most primitive form of the first type of dermal structures is 
that of the placoid scales of Elasmobranchii®. These consist, when 
fully formed, of a plate bearing a spinous projection. They are consti- 
tuted of an outer enamel layer on the projecting part, developed as a 
cuticular deposit of the epidermis (epiblast), and an underlying basis 
of dentine (the lower part of which may be osseous) with a vascular 
pulp in its axis. The development (fig. 235) is as follows (Hertwig, 
No. 306). A papilla of the dermis makes its appearance, the outer 
layer of which gradually calcifies to form the dentine and osseous 
tissue. This papilla is covered by the columnar mucous layer of the 
epidermis (e), from which it is separated by a basement membrane, 
itself a product of the epidermis. This membrane gradually thickens 
and calcifies, and so gives rise to the enamel cap (0). The spinous 
^int gradually forces its way through the epidermis, so as to project 
freely at the surface. 

The scales of other forms of fishes are to be derived from those 
of Elasmobranchii. The great dermal plates of many fishes have been 

^ The homy teeth of the Cyclostomata are stmctures belonging to this group. 

> For the most important contributions on this subject from which the facts and 
views here expressed are largely derived, vide 0 . Hertwig, Nos. 306— 30S. 
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formed by the concrescence of groups of such scales. The dentine in 
many cases partially or completely atrophies, leaving the major part of the 
scale formed of osseous tissue; such plates often become parts of tliu 
intipual skeleton. 



Fio. 236. Vertical section 'through the skin or an embryonic Shark, to shew 
A HEYELOPiNo PLAooiD SCALE. (From Gcgcnbaur; after O. Hertwig.) 

E. epidermis; C. layers of dermis; d, uppermost layer of dermis; p. papilla of 
dermis ; e, mucous layer of epidermis ; o. enamel layer. 

The teeth, as will be more particularly described in the section on the 
alimentary tract, are formed by a modification of the same process as the 
placoid scales, in which a ridge of the epithelium grows inwards to meet 
a connective tissue papilla, so that the development of the teeth takes 
place entirely below the superficial layer of epidermis. 

In most Teleostei the enamel and dentine layers have disappeared, and 
the scales are entirely formed of a peculiar calcified tissue developed in 
the dermis. 

The cuticle covering the scales of Reptiles is the simplest type of 
protective structure formed on the outer surface of the epidermis. 
The scales consist of papillae of the dermis and epidermis ; and are 
covered by a thickened portion of a two-layered cuticle, formed over 
the whole surface of the body from a cornification of the superficial 
part of the epidermis. Dermal osseous plates may be formed in con- 
nection with these scales, but are never of course united with the 
superficial cuticle. 

Feathers are probably special modifications of such scales. They arise 
from an induration of the epidermis of papillte containing a vascular core. 
The provisional down, usually present at the time of hatching, is formed by 
the coniification of longitudinal ridges of the mucous layer of the epidermis 
of the papillee ; each comitied ridge giving rise to a barb of the feather. 
Tlie horny layer of the epidermis forms a provisional sheath for the de- 
veloping feather below. When the barbs ai'e fully formed this sheath is 
thrown off, the vascular core dries up, and the barbs become free except at 
their base. 

Without entering into the somewhat complicated details of the forma- 
tion of the permanent feathers, it may be mentioned that the calamus or 
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quill is formed by a comification in the form of a tube of both layers of 
the epidemis at the base of the papilla. The quill is open at both ends, 
and to it is attached the vexillum or plume of the feather. In a typical 
feather this is formed at the apex of the papilla from ridge-like thicken- 
ings of the mucous layer of the epidermis, aiiainged in the form of a 
longitudinal axis, continuous with the cornified mucous layer of the quill, 
and from lateral ridges. These subsequently become converted into the axis 
and barbs of the plume. The external epidermic layer becomes converted 
into a provisional horny sheath for the true feather beneath. 

On the completion of the plume of the feather the external sheath is 
thrown off, leaving it quite free, and the vascular core belonging to it 
shrivels up. The papilla in which the feather is formed becomes at a 
very early period secondarily enveloped in a pit or follicle w’hich gradually 
deepens as the development of the feather is continued. 

Hairs (Kolliker, No. 298) are formed in solid processes of the 
mucous layer of the epidermis, which project into the subjacent dermis. 
The hair itself arises from a cornification of the cells of the axis of 
one of the above processes; and is invested by a sheath similarly 
formed from the more superficial epidermic cells. A small papilla of 
the dermis grows into tlie inner end of the epidermic process when 
the hair is first formed. 'J he first trace of the hair appears close to 
this papilla, but soon increases in length, and when the end of the 
hair projects from the surface, the original solid process of the epi- 
dermis becomes converted into an open pit, the lumen of which is 
filled by the root of the hair. Hairs differ in their mode of formation 
from scales in a manner analogous to that in which the teeth differ 
from ordinary placuid scjiles; ie, they are formed in inwardly di- 
rected projections of the epidermis instead of upon free papillae at 
the surfiice. 

Nails (Kolliker, No 298) are developed on special regions of tlie 
epidermis, known as the primitive nail beds. They are formed by the 
cornification of a layer of cells which makes its ap{>earance between the 
horny and mucous layers of the epidermis. The distal border of the nail 
soon becomes free, and the further growth is effected by additions to the 
under side and attached extremity of the nail. 

Although the nail at firat arises in the interior of the epidermis, yet 
its position on the outer side of the mucous layer clearly indicates with 
which group of epidermic 8tructui*es it should be classified. 

Dermal ekdetal etmctures. We have seen that in the Chordata 
skeletal structures, which were primitively lormed of both an epi- 
dermic and dermic element, may lose the former element and be 
entirely developed in the dermis. Amongst the Invertebrata there 
are certain dermal skeletal structures which are evolved wholly 
independently of the epidermis. The most important of these 
structures are the skeletal plates of the Echinodermata. 

Glands. The secretory part of the various glandular structures 
belonging to the skin is invariably formed from the epidermis. In 
Mammalia it appears that these glands are always formed as solid in- 
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growths of the mucous layer (Kdlliker, No. 298). The ends of these 
ingrowths dilate to form the true glandular part of the organs, while 
the stalks connecting the glandular portions with the surface form 
tffe ducts. In the case of the sweat-glands the lumen of the duct 
becomes first established. Its formation is inaugurated by the ap- 
pearance of the cuticle, and appears first at the inner end of the 
duct and thence extends outwards (Ranvier, No. 311). In the 
sebaceous glands the first secretion is formed by a fatty modification 
of the whole of the central cells of the gland. 

The muscular layer of the secreting part of the sweat-glands is 
formed, according to Ranvier (No. 31 1), from a modification of the 
deeper layer of the epidermic cells. 

The Mammary Glands arise in essentially the same manner as 
the other glands of the skin‘. The glands of each side are formed as 
a solid bud of the mucous layer of the epidermis. From this bud 
processes sprout out, each of which gives rise to one of the numerous 
glands of which the whole organ is formed. Two very distinct types 
in the relation of the ducts of the glands to the nipple are found 
(Oegenbaur, No. 313). 

Bibliography of Epidermis. 

General. 

( 304 ) T. H. Huxley. “ Tegumentary orgauR.” Cyclopctdxa of Anat. and 

Phynol. 

( 305 ) P. Z. Unna. “Histol. u. Entwick. d. Oberhaut.” Archiv f. mikr. Anat. 
Vol. XV. 1876. Vide also Kolliker (No. 298 ). 

Scales of the Pisces. 

( 306 ) 0. Her twig. “ Ueber Bau 11 . Entwickluug d. Placoidschuppen u, d. Zahno 
d. Seiacbier.” Jetininche Zeitmchrift^ Vol. vni. 1874. 

( 307 ) 0. Her twig. “ Ueber d. Hautskelet d. Fische.” Morphol. Jahrbuch, Vol. 
II. 1876. (Siluroiden u. Acipenseridie.) 

( 308 ) O. Hertwig. “Uel)er d. Hautskelet d. Fische (Lepidosteus u. Polypterus).” 
Morph. Jahrbuch, Vol. v. 1879. 

Feathers. 

( 309 ) Th. Studer. Die Kntwiek. d. Federn. Iiiaug. Diss. Bern, 1873. 

( 310 ) Th. Studer. ‘*Beitrage z. Entwick. d. Feder." Zeit. f. wisi. Zool.^ ^ol. 
XXX. 1878. 

Sweat-glands. 

( 31 1 ) M. S. Ban vie r. “Sur la structure des glandes sudoripares.” Comptee 

Rendm, Dec. 29, 1879. «. 

Mammary glands. 

( 312 ) G. Creighton. *K)n the devel. of the Mamma and the Mammary function.*' 
Jour, of Anat. and Phm.^ Vol. xi. 1877. 

( 3 ^ 3 ) C. Gegenbaur. **Bemerknngen ub. d. Milohdriisen-Papillen d. Sauge- 
thiere.^* Jenaittche Zeit., Vol. vii. 1873. 

( 314 ) M. Hubs. “Beitr. z. Entwick. d. Milchdriisen b. Mensohen u. b. Wieder- 
kkuem.^* Jenaische Zeit., Vol. vn. 1873. 

( 315 ) Danger. ** Ueber d. Bau u. d. Entwickluug d. Milchdriisen.*’ Denk. d. 
k. Akad. WU», Wien^ Vol. iil 1831. 

^ For a very di^^erent view on this subject ^ide Creigitton (No. 312 ). 



CHAPTER XV. 


NERVOUS SYSTEM. 

Oy'igin of the Nervous System, 

One of the most important recent embryological discoveries is 
the fact that the central nervous system, in all the Metazoa in which 
it is fully established, is (with a few doubtful exceptions) derived 
from the primitive epiblast‘. As we have already seen that the epi- 
blast represents to a large extent the primitive epidermis, the fact of 
the nervous system being derived from the epiblast implies that the 
functions of the central nervous system, which were originally taken 
by the whole skin, became gradually concentrated in a special part 
of the skin which was step by step removed from the surface, and 
has finally become in the higher types a well-defined organ imbedded 
in the subdermal tissues. 

Before considering in detail the comparative development of the 
nervous system, it will be convenient shortly to review the present 
state of our knowledge on the general process of its evolution. 

This process may be studied either embryologically, or by a 
comparison of the various stages in its evolution preserved in living 
forms. Both the methods have led to important results. 

The embryological evidence shews that the ganglion-cells of the 
central part of the nervous system are originally derived from the 
simple undifferentiated epithelial cells of the surface of the body, 
while the central nervous system itself has arisen from the concen- 
tration of such cells in special tracts. In the Chordata at any rate 
the nerves arise as outgrowths of the central organ. 

Another important fact shewn by embryology is that the central 
nervous system, and percipient portions of the organs of special sense, 

^ Whether there is any part of it in many types not so derived requires further 
investigation, now that it has been shewn by the Hertwigs that part of the system 
develops from the endoderm in some Coslenterata. O. Hertwig holds that part of it has 
a mesoblastio origin in Bagitta, but his observations on this point appear to me very 
inconclusive. It would be very advantageous ia investigate the origin of Auerbach*s 
plexus in Mammalia. 
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especially of optic organs, are often formed from the same part of the 
primitive epidermis. Thus the retina of the Vertebrate eye is formed 
from the two lateral lobes of the primitive fore-brain. 

^ The same is true for the compound eyes of some Crustacea. The 
supraoesophageal ganglia of these animals are formed in the embryo 
from two thickened patches of the epiblast of the procephalic lobes. 
These thickened patches become gradually detached from the surface, 
remaining covered by a layer of epidermis. They then constitute the 
supraoesophageal ganglia; but they form not only the ganglia, but 
also the retinulae of the eye — the parts in fact which correspond to 
the rods and cones in our own retina. The accessory parts of these 
organs of special sense, viz. the crystalline lens of the Vertebrate eye, 
and the corneal lenses and crystalline cones of the Crustacean eye, 
are independently formed from the epiblast after the separation of 
the part which becomes the central nervous system. 

In the Acraspedote Medusae the rudimentary central nervous 
system has the form of isolated rings, composed of sense-cells pro- 
longed into nervous fibres, surrounding the stalks of tentacle-like 
organs, at the ends of which are placed the sense-organs. 

This close connection between certain organs of special sense and 
ganglia is probably to be explained by supposing that the two sets 
of structures actually originated pari passu. 

We may picture the process as being somewhat as fol low’s : — 

It is probable that in simple ancestral organisms the whole body was 
sensitive to light, but that with the appearance of pigment-cells in certain 
parts of the body, the sensitiveness to light became localised to the areas 
where the pigment- cel Is were present. Since, however, it was necessary 
that stimuli received by such organs should be communicated to other 
parts of the body, some of the epidermic cells in the neighbourhood of the 
pigment-spots, which were at first only sensitive in the same manner as 
other cells of the epidermis, became gradually differentiated into special 
nerve-cells. As to the details of this differentiation embryology does not 
as yet throw any great light; but from the study of comparative anatomy 
there are grounds for thinking that it was somewhat as follows: — Cells 
placed on the surface sent protoplasmic processes of a nervous nature 
inwards, which came into connection with nervous processes from similar 
cells placed in other parts of the body. The ceils with such processes then 
became removed from the surface, forming a deeper layer of the epidermis 
l>elow the sensitive cells of the organ of vision. With the latter cells they 
remained connected by protoplasnfic filaments, and thus they came to 
form a thickening of the epidermis underneath the organ of vision, the 
cells of which received their stimuli from those of the organ of vision, and 
transmitted the stimuli so received to other parts of the body. Such a 
thickening would obviously be the rudiment of a central nervous system, and 
is in fact very similar to the rudimentary ganglia of the Acraspeda mentioned 
above. It is easy to see by what steps it might become larger and more 
important, and might gradually travel inwards, remaining connected with 
the sense-organ at the surface by protoplasmic filaments, which would then 
constitute nerves. The rudimentary eye would at first merely consist of 
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cells sensitive to light, and of ganglion-cells connected with them ; while at 
a later period optical structures, constituting a lens capable of throwing 
an image of external objects upon it, would be developed, and so convert 
the whole structure into a true organ of vision. It has thus come about 
that, in the development of the individual, the retina is often first formed in 
connection with the centml nervous system, while the lenses of the eye are 
independently evolved from the epidermis at a later period. 

A series of forms of the Coelenterata and Platyelininthes affords us 
examples of various stages in the differentiation of a central nervous 
system \ 

In sea-anemones (Hertwigs, No. 321 ) there are, for instHnce, no organs 
of special sense, and no definite central nervous system. There are, how- 
ever, scattered throughout the skin, and also throughout the lining of the 
digestive tract, a number of specially modified epithelial cells,. which are 
no doubt delicate organs of sense. They are provided at their free 
extremity with a long hair, and are prolonged on their inner side into 
fine processes which penetrate into the deeper part of the epithelial layer 
of the skin or digestive wall. They eventually join a fine network of 
protoplasmic fibres which forms a special layer im- 
mediately within the epithelium. The fibres of this 
network are no doubt essentially nei vous. In addition 
to fibres there are, moreover, present in the network 
cells of the same character as the multipolar ganglion- 
cells in the nervous system of Vertebrates, and some 
of these cells are characterised by sending a process 
into the superjacent epithelium. Such cells are ob- 
viously intermediate l>etween neuro-epithelial cells and 
ganglion-cells ; and it is probable that the nerve-cells 
are, in fact, sense-cells which have travelled inwards 
and lost their epithelial character. 

In the Craspedote Medusae (Hertwigs, No. 320 ) the 
differentiation of the nervous system is carried some- 
what further. There is here a definite double ring, 
placed at the insertion of the velum, and usually con- 
Fio. 236. Neubo- nected with sense-organs. The two parts of the ring 
EviTHSLiAL SENSE- bslong respectively to the epithelial layers on the upper 
A 0 MTA. Tpr^^n- lower surfaces of the velum, and are not separated 
kester; after Scha- ^^‘om these layers; they are formed of fine nerve- 
fer.) fibres and ganglion- cells. The epithelium above the 

nerve rings contains sense-cells (fig. 237) with a stiff 
hair at their free extremity, and a nervous prolongation at the opposite end, 
which joins the nerve-fibres of the ring. Between such cells and true 
ganglion-cells an intermediate type of cell has been found (fig. 237 B) 
which sends a process upwards amongst the epithelial cells, but does not 
reach the surface. Such cells, as the Hertwigs have pointed out, are clearly 
sense-cells partially transformed into ganglion-cells. 

A still higher ty|)e of nervous system has been met with amongst some 
primitive Nemertines (Hubrecht, No. 323 ), consisting of a pair of large 

^ Our knowledge on this subject is especially due to the brothers Hertwig (Nos. 330 
and 321), Eimer (No. 318), Claus (No. 317), Bchiifer (No. 326), and Hubrecht (No. 323). 




NERVOUS SYSTEM. 


333 


cephalic ganglia, and two well<developed lateral ganglionic cords placed 
close beneath the epidermis. These cords, instead of giving off definite 
nerves, as in animals with a fully differentiated nervous system, are con- 
4tected with a continuous subdermal nervous plexus. 

The features of the embryology and the anatomy of the nervous 
system, to which attention has just been called, point to the following 
general conclusions as to the evolution of the nervous system. 

(1) The nervous system of the higher Metazoa appears to have 
been evolved in the course of a long series of generations from a 



FlO. 2S7. ISOLATBl) CELLS BELONUINO TO THE ITPPEK NEKVE-BING OP CaKMAKINA 
HA8TATA. (After 0. and K. Hert^ig.) 

A. Nenro-epithelial sense- cell. r. sense-hair. 

B. Transitional cell between a neuro-epithelial cell and a ganglion-oell. 

differentiation of some of the superficial epithelial cells of the body, 
though it is possible that some parts of the system may have been 
formed by a differentiation of the alimentary epithelium. 

(2) An early feature in the differentiation consisted in the growth 
of a series of delicate processes of the inner ends of certain epithelial 
cells, which became at the same time specially differentiated as sense- 
cells (figs. 236 and 237). 

(3) These processes gave rise to a subepithelial nervous plexus, 
in which ganglion-cells, formed from sense-cells which travelled in- 
wards and lost their epithelial character (fig. 237 B), soon formed an 
important part. 

(4) Local differentiations of the nervous network, which was no 
doubt distributed over the whole body, took place partly in the 
formation of organs of special sfense, and partly in other ways, and 
such differentiations gave rise to a central nervous system. The 
central nervous system was at first continuous with the epidermis, 
but became separated from it and travelled inwards. 

(5) Nerves, such as we find them in the higher types, originated 
from special differentiations of the nervous network, radiating from 
the parts of the central nervous system. 

The following points amongst others aie still very obscure : — • 

(1) The stops by which the protoplasmic processes from the primitive 
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epidemic cells became united together so as to form a network of nerve- 
iibres, placing the various paHs of the body in nervous communication. 

(2) The process by which nerves became connected with muscles, so 
that a stimulus received by a nerve-cell could be communicated to and 
cause a contraction in a muscle. 

It is probable, as stated in the above summary, that the nervous net- 
work took its origin from processes of the sense-cells. The processes of 
the different cells probably first met and then fused together, and, 
becoming more arborescent, finally gave rise to a complicated network. 

The primitive relations between the nervous network and the muscular 
system are matters of pure speculation. The primitive muscular cells 
consist of epithelial cells wif^ muscular processes (hg. 238), but the 

branches of the nervous network have not 
been traced into connection with the mus- 
cles in any Ccelenterata except the Cteno- 
phora. In the higher types a continuity 
between nerves and muscles in the form of 
motorial end plates has been widely ob- 
served. Even in the case of the Ccelen- 
tei-ata it is quite clear from Romanes^ 
experiments that stimuli received by the 
nerves are capable of being transmitted to 
the muscles, and that there must therefore 
be some connection between nerves and muscles. How did this connection 
originate ? 

Epithelial cells with muscular processes (fig. 238) were discovered by 
Kleinenberg (No. 324 ) in Hydra before epithelial cells with nervous pro- 
cesses were known, and Kleinenberg j>ointed out that Hydra shewed the 
possibility of nervous and muscular tissues existing without a central 
nervous system, and suggested that the epithelial part of the myo-epithelial 
cells was a sense-organ, and that the connecting part between this and the 
contractile processes was a rudimentary nerve. He further supposed that 
in the subsequent evolution of these elements the epithelial part of the cell 
became a ganglion-cell, while the part connecting this with the muscular 
tail became prolonged so as to form a true nerve. The discovery of neuro- 
epithelial cells existing side by side with myo-epithelial cells demonstrates 
that this theory must in part be abandoned, and that some other explana- 
tion must be given of the continuity between nerves and muscles. The hypo- 
thetical explanation which most obviously suggests itself is that of fusion. 

It seems quite possible that many of the ejnthelial cells of the epi- 
dermis and walls of the alimentary ti'act were originally provided with 
processes, the protoplasm of which, like that of the Protozoa, carried on 
the functions of neiwes and muscles at the same time, and that these pro- 
cesses united amongst themselves into a network. Such cells would *be 
very similar to Kleinenberg’s neuro-muscular cells. By a subsequent dif- 
ferentiation some of the cells forming this network may have become 
specially contractile, the epithelial parts of the cells ceasing to have a 
nervous iunction, and other cells may have lost their contractility and 
become solely nervous. In this way we should get neuro-epithelial cells 
and myo-epithelial cells both differentiated from the primitive network, 
and the connection between the two would also be explained. This hypo- 



Fio. 238. Myo-epithelial 
CELLS OP Hydra. (From Gegen- 
baur ; after Kleinenberg.) 

m. contractile fibres; processes 
of cells. 
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thesis fits in moreover very well with the condition of the neuro-muscular 
system as we find it in the Coslenterata. 
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Nervous system of the Invertebrata. Our knowledge of the 
development of the central nervous system is still very imperfect in 
the case of many Invertebrate groups. In the Ecliinodermata and 
some of the Chaetopoda it is never detached from the epidermis, and 
in such cases its origin is clear without embryological evidence. 

In the majority of groups the central nervous system may be 
reduced to the type of a pair of cephalic ganglia, continued pos- 
teriorly into two cords provided with nerve-cells, which may coalesce 
ventrally or be more or less widely separated, and be unsegmented 
or segmented. Various additional visceral ganglia may be added, 
and in different instances parts of the system may be much reduced, 
or peculiarly modified. The nervous system of the Platyelminthes 
(when present), of the Rotifera, Brachiopoda, Polyzoa (?), the Mol- 
lusca, the Chaetopoda, the Discophora, the Gephyrea, the Tracheata, 
and the Crustacea, the various small Arthropodan phyla (Poecilopoda, 
Pycnognida, Tardigrada, &c.), the Chaetognatha (?), and the Myzo- 
stomea, probably belongs to this type. 

The nervous system of the Echinodermata cannot be reduced to 
this form ; nor in the present state of our knowledge can that of the 
Nematelminthes or Enteropneusta. 

It is only in the case of members of the former set of groups that 
any adequate observations have yet been made on the development 
of the nervous system, and even in the case of these groups observa- 
tions which have any claim to completeness are confined to certain 
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members of the Ohsetopoda, the Arthropoda and the Mollusca. An 
account of imperfect observations on other forms, where such have 
been made, will be fouod in the systematic part of this work. 

Chmtopoda, We are indebted to Kleinenberg (No. 329 ) for the 
most detailed account which we have of the development of the 
central nervous system in the Chsetopoda. 

The supraoesophageal ganglion with the oesophageal commissure 
developes independently of the ventral cord. It arises as an unpaired 
thickening of the epiblast, close to the dorsal side of the oesophagus at 
the front end of the head (fig. 239), which becomes separated from 



the epiblast, and extends obliquely back- 
wards and downwards in a somewhat 
arched form ; its lower extremities being 
somewhat swollen. The inner portion 
of this curved rudiment becomes con- 
verted into commissural nerve-fibres, 
while the cells of the outer and upper 
portion assume the characters of gan- 


239. Section thkough glion-cells. The commissural fibres are 


THE HEAD OP A YouNo EMBRYO OP coutmued dowowards to meet the ven- 


Lumbricus toapezoides. (After cord, but their junction with the 

einen latter structure is not effected till late 

c,g. cephalic ganglion ; cc. ce- . -it 

phalic portion of the body cavity; ID embryonic llie. 

X. cesophagua. The ventral cord is formed by the 

coalescence of a pair of linear cords, 
the development of which takes place from before backwards, so that 
when their anterior part is well developed their posterior part is 
hardly differentiated. These cords arise, /one on each side of a 
ventral ciliated furrow, first as a single row of epiblast cells, and 
subsequently as several rows (fig. 240, Vg), While still united to the 

external epiblast, they extend them- 



selves below the cells lining the ventral 
furrow, and unite into a single nervous 
band, which however exhibits its 
double origin by its bilobed section. 
Before the two cords unite, the groove 
between them becomes somew^hatdeep, 
but subsequently shallows out and 


Fio. 240. Section through part disappears. The nervous band, before 


OP THE ventral WALL OP THE TRUNK 
OF AN EMBRYO OP LUMBRiCUfl TRAPE- 

zoiPES. (After Kleinenberg.) 

m. longitudinal muscles; $0. so- 
matic mesoblast; sp. splanchnic me- 
soblast; hy, hypoblast; Vg, ventral 
nerve*oord; w, ventral vessel 


separating from the epiblast, exhibits, 
in correspondence w ith the mesoblastic 
se^ients, alternate swellings and con- 
strictions. The former become the 
ganglia, and the latter the connecting 
ti'unks. 


As soon as the cord becomes free from the epiblast, it becomes 
surrounded by a sheath, formed of somatic mesoblast In each of the 
ganglionic enlargements there next appears on the dorsal surface a 
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pair of areas of punctiform material, the substance of which soon 
uifferentiates itself into nerve-fibres. These areas, by uniting from 
^ side to side, give rise to the transverse commissures, and also by a 
linear coalescence to the longitudinal commissures of the cord. The 
cellular parts of the band surrounding them become converted into a 
ganglionic covering of the cord. 

In each ganglion the cells of this ganglionic investment penetrate 
as a median septum into the cord. A fissure is next formed, dividing 
this septum into two ; it is subsequently continued for the whole length 
of the cord. 

Arthropoda. In tlie Tracheata and the Crustacea the develop- 
ment of the ventral cord is in the main similar to that in the 


Chaetopods, while that of the supraoesophageal ganglia is as a rule 
somewhat more complicated. 


No such clear evidence of an 
independent development of 
these two parts, as in the case 
of the Chaetopods, has as yet 
been produced. 

The most primitive type of 
nervous system amongst the 
Tracheata is that of Peripatus, 
where it consists of large supra- 
oesophageal ganglia, continuous 
with a pair of widely separated 
but large ventral cords united 
posteriorly above the anus. 
These cords have an invest- 
ment of ganglion-cells for their 
whole length, and are imper- 
fectly divided into ganglia cor- 
responding in number with the 
feet. 



V.?i 


Fio. 241. Section thbough the tbxtnk 
OF AN EMBRYO OF Perhatub. The embrjo 
from which the section is taken was some* 
what younger than that of fig. 242. 

sp.m, splanchnic mesoblast; 8,m. somatic 
mcsoblast; me, median section of body cavity; 
Ic. lateral section of body cavity; i\n. ventral 
nerve cord; 7ne. meseut^n. 


The ventralcordsareformed 

as two separate epiblastic ridges (fig. 241, v.a), continued in front 
into a pair of thickenings of the procephalic lobes, which are at first 
independent of each other, and from which a large part of the supra- 
oesophageal ganglia takes its origin. After the latter have become 
separated from the epiblast an invagination of the epiblast covering 
them grows into each lobe (fig. 242), and becoming constricted from 
the superficial epiblast, which remains as the epidermis, forms a not 
unimportant part of the permanent supraoesophageal ganglia. 

In the Arachnida the mode of development of the nervous system 
is essentially the same, and the reader will find a detailed account of it 
for Spiders in Vol l. pp. 370—373. The ventral cords are here formed 
as independent and at first widely separated strands (fig. 243, tm), 
which for a long time remain far apart ; they are subsequently 
divided into ganglia and become united by transverse commissures. 
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The supraoesophageal ganglia are formed as two independent 

thickenings of the procephalic 
lobes (fig. 244), which event- 
ually separate from the su- 
perficial skin. There is formed 
however in each of them a 
semicirculargroove (fig. 244, ^r) 
lined by the superficial epi- 
blast, which becomes detached 
from the skin, and is involuted 
to form part of the ganglia. 

A similar mode of forma- 
tion of both the ventral cords 
and the supraoesophageal gan- 
glia obtains in Insects (fig. 
245). The ventral cords are 
however much less widely 
separated timn in Spiders, and 
early unite in the median line. 
In the supraoesophageal gan- 
glia the invaginated epiblast 
has in Lepidoptera (Hatschek) the form of a pit on the dorsal border 
of the antennae. 



Fid. 242 .'^’Heai> of an embryo Peripatus. 
(From Mosel^.) 

The figure shews the jaws (mandibles), and 
close to them epiblastic involutions, which 
grow into the supraoBSophageal ganglia. The 
antennsB, oral cavity, and oral papillsB are also 
shewn. 


Hatschek states that there takes place an invagination of a median 
part of the skin between the two ventral cords, for the details of which I 
must refer the reader to Vol. i. p. 340. He has made more or less similar 
statements for the earthworm, but his observations in both instances are 
open to serious doubt. 



Fid. 248 . Tranbversb section through the ventral plate of Aoelena labtbinthica. 

The ventral cords have begun to be formed as thickenings of the epiblast, and the 
limbs are established. 

mc.s. mesoblastio somite ; vn, ventral nerve-cord; yk. yolk. 


Full details as to the development of the nervous system in the 
Crustacea are still wanting ; a fairly complete account of what is 
known on the subject is given in Vol. l. pp. 433 — 4. It appears that 
the ventral cord may either arise as an unpaired thickening of the 
epiblast (Isopoda), marked however by a shallow median furrow, or 
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from two cords which eventually coalesce *. It is not certain how far the 
supraoesophageal ganglia are usually in the first instance continuous 





Fio. 244. Section through the pbocephalic lobes of an embryo op 
Agelena labyrinthica. 

Btomadaeum ; gr. section through semi-circular groove in prooephalic lobe; 
ce.8, cephalic section of body cavity. 

with the ventral cord. In Astacus, the early stages of which have 
been elaborately investigated by Reichenbach (No. 331), they are 
stated to be so; the supraoesophageal ganglia are moreover de- 
scribed by this author as having a somewhat complicated origin. 
Five elements enter into their composition. There is first formed 
a pair of pits on the procephalic lobes, which become very deep 






Pig. 245. Two transverse sections through the embryo op Hydrophilus. 
(After Kowalevsky.) 

A. Transverse section through an embryo in the region of one of the stigmata. 

B. Transverse section through an older embryo. 

vn, ventral nerve-cord; am, amnion and serous membrane; me, mesoblast; me,$, 
somatic mesoblast ; hy, hypoblast (?) ; yk, yolk-cells (true hypoblast) ; st, stigma of 
traohea. 


^ Beiohenbaoh (No. 351 ) holds that the walls of the groove between the two strands 
of the ventral cords become invaginated and assist in the formation of the ventral cord. 
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during the Naupliiis stage, and are continuous with a pair of epi- 
blastic ridges which pass round the mouth, and join the ventral 
cords just described. The walls of the pits are believed to form 
a part of the embryonic ganglia which gives rise to the retina as 
well as to the optic ganglia. The ridges form the remainder of the 
ganglia and the oesophageal commissures ; while the fifth element is 
supplied by a median invagination in front of the mouth, which 
appears at a much later date than the other parts. 

In the Isopoda supraoBSophageal ganglia are stated to arise 
as thickenings of the procephalic lobes, which become eventually 
detached from the epidermis. 

The ventral cord is at first unsegmented, but soon becomes partially 
divided by a series of constrictions into a number of ganglia, cor- 
responding with the segments. The development of the commissu- 
ral and ganglionic portions takes place much as in the Chsetopoda. 

The G^OThy^ea approach closely the types so far dealt with, but the 
ventral cora in the Inermia is formed as an unpaired thickening of the 
epiblast. In Echiurus, as has been shewn by Hatschek in an interesting 
paper on the larva of this species, published since the ap[)earance of the 
first volume, there is a pair of ventml cords*. In corresf>ondence with a 
general segmentation of the body, which is subsequently lost, these cords 
become segmented. The two cords unite in the median line, and Hat^chek, 
in accordance with his general view on this subject, states that their junction 
is effected by means of a median cord of invagiuated ejiiblast. The seg- 
mentation of the cords subsequently becomes lost The supraoesophageal 
ganglia arise as an unpaired median thickening of the procephalic lobe. 
No traces of segmentation in the ventral cord have been observed by 
Spengel in Bonellia, and the supraoesophageal ganglion is formed in this 
genus as an unpaired band. 

In all the groups above considered the nervous system clearly 
presents the same type of development with various modifications. 

It is formed of two parts, viz. (1) the supraoesophageal ganglia, 
and (2) the ventral cord. 

In the simpler forms, Chaetopoda and Gephyrea, the supraoesopha- 
geal ganglia are usually stated to be formed as an unpaired thickening 
at the apex of the praeoral lobe, which in most cases becomes subse- 
quently bilobed. 

In the Arthropoda the unpaired praeoral lobe of the Chaetopoda is 
replaced by the so-called procephalic lobes, which are themselves 
bilobed; and the supraoesophageal ganglia are formed of two in- 
dependent halves; further complications in development are also 
generally found. 

There is not as yet sufficient evidence to decide whether the 
supraoesophageal ganglia were primitively developed continuously 
with, or independently of, the ventral cords. 

The ventral cord appears in the embryo as two independent wn- 

1 “ Uebar EntwicUunggeeBchichte d. Eohinrus.” Arbeit, a. d. zool. Itutit, Wien, 
Vol. III. 1880. 
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segmented strands, although in a few oases (some Crustacea and 
Gephyrea) these cords, by an abbreviation in development, arise as an 
unpaired median thickening of the epiblast. 

The form of nervous system of tlie Chaetopoda, Arthropoda, and 
Gephyrea is clearly therefore to be derived, as was first pointed out 
by Gegenbaur, from a more or less similar type to that now found in 
the Nemertines; and as suggested in the chapter on larval forms 
{vide p. 312 ) may perhaps be derived from the elongation of a cir- 
cular ring, of which the anterior end has become developed into 
the supraoesophageal ganglia, the lateral parts into the two lateral 
strands, while the posterior part persists in some forms in the junction 
of the ventral cords above the anus (Enopla and Peripatus). 

Mollusca. While study of the anatomy of the nervous system of the 
Mollusca, especially of certain jiriniitive genera (Chiton, Haliotis, Fissurella, 
&c.) leaves little doubt that it is formed on the same type as that of the 
groups just spoken of, the development, so far as our imperfect knowledge 
enables us to make definite statements on the subject, is somewhat ab- 
normal \ 

In the Gasteropoda and Pteropoda the supracesophageal ganglia appear 
most probably to be developed either as paired thickenings of the epiblast 
of the velar area, or as invaginatcd pits of the velar area, which become 
detached from the surface, and then become solid (Hyaleacea and L max). 
In either case the supracesophageal ganglia appear tt) be developed quite 
indej)endently of the ])edal ganglia. The latter, as might be anticipated, 
are earlier in their development and more constant than the various visceral 
ganglia; and, if the views above expressed are connect, are homologous 
with the ventral cord of the Cluetopods and Arthropods. Their actual 
development is very imperfectly known. 

The most precise statements on the subject, viz. those of Bobretzky and 
Fol, would lead us to suppose that they arise in the mesoblast, but it seems 
more probable that they are formed as thickenings of the sides of the 
foot. 

In the Cephalo|K)ds all the ganglia are stated to be differentiated in the 
mesoblast (fjankester, Bobretzky). 

Hatschek® has recently given a detailed description of the development 
of the supraoesophageal and pedal ganglia of Teredo. He finds that the 
former ganglia arise as an unpaired thickening of the epiblast in the centre 
of the velar area, and the latter as an unpaii’ed thickening of the epiblast 
of the ventral side of the body l>etween the mouth and the anus. The 
two ganglia would thus seem to be disconnected with each other in their 
development. 

(3*7) F. M. Balfour. “Notes on the development of the Araneina.*’ Quart. J. of 
Micr. Science, Vol. xx. 1880. 

(328) B. Hatschek. “Beitr. z. Entwicklung d. Lepidopteren.” JenaUche ZeiU 
echrift, Vol. xi. 1877. 

(329) N. Kleinenberg. “The development of the Earthworm, Lumbrious Trape- 
zoides.** Quart. J. of Micr, Science, Vol. xix. 1879. 

' Vide Vol. I., pp. 226, 227. 

* “Ueber Entwioklungsgeschichte von Teredo.” Arbeit, a. d, lool, Instit. WieHf 
Vol. III. 1880. 



342 


SPINAL CORD, 


(330) ' A. Kowalevsky. “Embryologisohe Stadien an WUrmem u. Arthro- 
poden/* MSm, Acad, Pitershourg, Series viii., Vol. xvi. 1871. 

(351) H. Beichenbaoh. **Die Embryonalanlage u. erste Entwick. d. Flass- 
krebses.*’ Zeit, /. wUs, ZooL, Vol. xxix. 1877. 


The Central Nervous System ob the VERTEBRATA^ 

The formation of the cerebro-spinal axis of the Chordata from the 
medullary plate has already been treated at length (pp. 250 — 252). 
Before entering into the consideration of the morphological value of 
the various parts of this cord, it will be convenient to describe the 
more important features of its ontogeny. For this purpose the two 
parts into which the nervous axis becomes at an early period divided, 
viz. the spinal cord and the brain, may be dealt with separately. 

The Spinal Cord^ shortly after the closure of the medullary canal, 
has, in all the true Vertebrata, the form of an oval tube ; the walls of 
which are of a fairly uniform thickness, and are composed of several rows 
of elongated cells. This cord, as development proceeds, usually becomes 
vertically prolonged in transverse section, and the central canal which 
it contains also becomes vertically elongated. The variations in shape 
of the spinal canal are very great at different periods and in different 
parts of the body, and an attempt to chronicle them would appear, in 
the present state of our knowledge, to be quite valueless^ Fig. 117, 
in which the spinal cord of the chick of the third day is shewn in 
transverse section, illustrates the character of the cord at the stage just 
described. Up to this time the walls of the spinal canal have exhibited 
an uniform stiiicture. A series of changes now however takes place, 
which results in the differentiation (1) of the epithelium of the central 
canal, (2) of the grey matter of tlie cord, and (3) of the external 
coating of white matter. 

The relative time at which each of these parts becomes developed 
is not constant in the different forms. 

The white matter is apparently the result of a differentiation of 
the outermost parts of the superficial cells of the cord into longitudinal 
nerve-fibres, which remain for a long period without a medullary 
sheath. These fibres appear in transverse sections as small dots. The 
white matter foims a transparent investment of the grey matter and 
would seem to contain neither nuclei nor cells*. The white matter 
may from the first form only two masses, one on each side, forming 

^ For the development of the central nervous nystem in Amphioxus and the Tunicata 
the reader is referred to the chapters dealing with those two groups. 

* Lowe (No. 341) holds that at an early stage of development three regions can 
always be distinguished in any section of the central canal, viz. (1) a ventral narrow 
slit, (2) a median enlargement, and (3) a dorsal slit. Such a form can no doubt often 
be observed, but my own observations do not lead me to attach any special importance 
to it. 

* This holds true at first for Elasmobranchii, but at a later stage there are present 
numerous nerve cells in the white matter, so that the distinction between the white 
and gr^ matter becomes much less marked than in higher types ; in this respect Elas- 
mobranchii present an approximation to Amphioxus. 
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a layer on the ventral and lateral parts of the spinal cord but not 
extending to the dorsal surface (Elasmobranchii, tig. 185, W ) ; or it 
may form four patches, viz. an anterior and a posterior white column 
on each side, which lie on a level with the origin of the anterior and 
posterior nerve-roots (the Fowl, Human embryo, etc.). In whichever 
of these forms the white matter appears, it is always, at first, a layer of 
extreme tenuity, which rapidly increases in thickness in the subse- 
quent stages, and extends so as gradually to cover the whole cord 
(tig. 5f46). 

The anterior white commissure is formed very shortly after the first 
appearance of the white matter. The grey matter and the central 
epithelium are formed by a differentiation of the main mass of the 
spinal cord. The outer cells lose their epithelial-like arrangement, 
and, becoming prolonged into fibres, give rise to the grey matter, 
while the innermost cells retain tlieir primitive arrangement, and 
constitute the epithelium of the canal. The process of formation of 
the grey matter would appear to proceed from without inwards, so 
that some of the cells, which have, on the formation of the grey matter, 
an epithelial-like arrangement, subsequently become converted into 
true nerve-cells. 


As has already been 
mentioned, the central epi- 
thelium of the nervous sys- 
tem probably corresponds 
with the so-called epidermic 
layer of the epiblast. 

The grey matter soon 
becomes prolonged dorsal ly 
and ventrally into the pos- 
terior and anterior horns. 
Its fibres may especially be 
traced in two directions: — 
(1) round the anterior end 
of the spinjil canal, imme- 
diately outside its epithe- 
lium and so to the grey 
matter on the opposite side, 
forming in this way an 
anterior grey commissure, 
through which a decussa- 
tion of the fibres from the 
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opposite sides is effected: 
(2) dorsalwards along the 
outside of the lateral walls 
of the canal. 

There is at this period 
no trace of the ventral or 
dorsal fissure, and the shape 


Fio. 246. Section through the spinal cord 
OF A SEVEN days’ ChICK. 

pew, dorsal white column ; lew, lateral white 
column; acw, ventral white column; c. dorsal 
tissue filling up the part where the dorsal fissure 
will be formed ; pc. dorsal grey cornu ; ac. anterior 
grey cornu ; ep, epithelial cells ; ape, anterior com* 
miiure; pf, dorsal part of spinal canal; «pc. 
ventral part of spinal canal ; af, anterior fissne. 
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of the central canal is not very different to what it was at an earlier 
period. This condition of the spinal cord is esj)ecially instructive, 
as it is very nearly that which is permanent in Amphioxus. 

The next event of importance is the formation of the ventral or 
anterior fissure. This owes its origin to a downgrowth of the anterior 
horns of the cord on each side of the middle line. The two down- 
growths enclose between them a somewhat linear space — the anterior 
fissure — which increases in depth in the succeeding stages (fig. 246, af). 

The dorsal or posterior fissure is formed at a later period than the 
anterior, and accompanies the atrophy of the dorsal section of the 
embryonically large canal of the spinal cord. 

The exact mode of its formation appears to me to be still involved 
in some obscurity. 

In the Elements of Embryology the development of the posterior fissure 
was described in the following way : 

“ On the seventh day the most important event is the formation of the 
posterior fissure, 

“ This is brought about by the absorjition of the roof of the posterior of 
the two parts into which the neural canal has become divided. 

“ Between the posterior horns of the cord, the epithelium forming the 
roof of the, so to speak, posterior canal is along the middle line covered 
neither by grey nor by white matter, and on the seventh day is partially 
absorbed, thus transforming the canal into a wedge-shaped fissure, whose 
mouth however is seen in section to be partially closed by a tnangular 
clump of elongated cells (fig. 246, c). Below this mass of cells the fissure 
is open. It is separated from the ‘ true spinal canal * by a very nari'ow 
space along which the side vralls have coalesced. In the lumbar and sacral 
regions the two still communicate. 

“ We thus find, as was first pointed out by Lockhart Clarke, that the 
anterior and posterior fissures of the spinal cord are, morphologically s}>eak- 
ing, entirely dififerent. The anterior fissure is merely the space left between 
two lateral downward growths of the cord, while the posterior fissure is 
part of the original neural canal separated from the rest of the cavity 
(which goes to form the true spinal canal) by a median coalescence of the 
side walls.” 

I confess that I have some doubts as to the complete accuracy of the 
above statement. 

Kdlliker gives a full account of the gradual atrophy of the central 
canal ; but I do not fully understand his statements with reference to the 
fomation of the posterior fissure, which in fact appears to be only inci- 
dentally mentioned. It would seem from his account that a shallow and 
somewhat wide dorsal fissure is formed to start with, in the human embryo, 
by two projections of the posterior white horns. On the atrophy of the 
central canal this furrow becomes narrowed, but Kdlliker does not 
definitely state how it becomes deepened so as to give rise to the permanent 
dorsal fissure. 

It seems to me probable, though further investigations on the 
point are still required, that the dorsal fissure is a direct result of the 
atrophy of the dorsal part of the central canal of the spinal cord. 
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The walls of the canal coalesce dorsally, and the coalescence 
gradually extends ventralwards, so as finally to reduce the central 
canal to a minute tube, formed of the ventral part of the original 
canal. The epithelial wall formed by the coalesced walls on the 
dorsal side of the canal is gradually absorbed. 

The epithelium of the central canal, at the period when its atrophy 
ct)mmence8, is not covered dorsally either by grey or white matter, so 
that, with the gradual reduction of the dorsal part of the canal, and 
the absorption of the epithelial wall formed by the fusion of its two 
sides, a fissure between the two halves of the spinal cord becomes 
formed. This fissure is the posterior or dorsal fissure. In the process 
of its formation the white matter of the dorsal horns becomes pro- 
longed so as to line its walls; and shortly after its formation the 
dorsal grey commissure makes its appearance, which is not impro- 
bably derived from part of the epithelium of the original central 
canal. 

Development of the Brain. 

The brain is formed from the anterior portion of the medullary 
plate. When the medullary plate first becomes differentiated it is 
not possible to distinguish between the region of the brain and that 
of the spinal cord. The brain region is however usually very eaily in- 
dicated by a widening of the medullary plate, but does not become 
sharply marked off* from the region of the spinal cord. In many 
Ichthyopsida (Elasrnobranchii (fig. 28, C) and Amphibia (tig. 77, A)) 
the anterior dilatation gives to the medullary plate, before its sides 
meet to form a canal, a spatula-like form; which is either not present 
or less marked in Reptilia, Aves and Mammalia. 

The length of the brain as compared to the spinal cord is always 
very great in the embryo, and in the earliest developmental periods 
the disproportion in the size of the brain is specially marked, owing 
to the full number of the somites of the trunk not having been 
formed. In Elasrnobranchii the brain is about one-third of the 
whole length of the embryo at the stage immediately following the 
closure of the medullary canal. 

The first differentiation of the brain into distinct parts is a very 
early occurrence, and may take place before (Mammalia) or during 
the closure of the medullary folds. The brain first becomes divided 
into two successive lobes or vesi^Jes by a single transverse constric- 
tion, and subsequently the posterior of these again becomes divided 
into two, so that three lobes are formed — known as the fore- the 
raid- and the hind-brain ; of these the hind-brain is usually the 
longest. In some instances a bilobed stage can hardly be recognised. 
This primitive division of the brain is shewn in many of the figures 
already given. The reader may perhaps best refer to fig. 108. On the 
closure of the medullary groove the lumen of the medullary canal is 
continued uninterruptedly through the brain, but dilates considerably 
in each of the cerebral vesicles. 
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The anterior \ohe of the brain becomes converted into the cere- 
bral hemispheres, the thalamencephalon, the primary optic vesicles, 
and the parts connected with them. The middle lobe becomes the 
optic lobes (corpora bigemina or corpora quadrigemina in Mammalia) 
and the crura cerebri; while the posterior lobe becomes converted into 
the cerebellum and medulla oblongata. 

Before describing in detail the changes by which the primary . 
vesicles of the brain become converted into the above parts, it will 
be convenient to say a few words about the general development of 
the brain. 

The most striking peculiarity with reference to the general 
development of the brain is a curvature which appears in its axis, 
known as the cranial flexure. The flexure takes place through the 
mid-brain, and causes the fore-brain to be gradually bent downwards 
80 that the axis of its floor forms, first, a right angle with that of the 
hinder part of the brain, and subsequently, as a rule, an acute angle. 

During these changes the brain, in most Amniota at any rate, 
becomes in the first instance retort-shaped, the cerebral vesicle form- 
ing the swollen part of the retort, hut subsequently the retort-shape 
is lost owing to the great development of the vesicle of the mid- 
brain, which forms the termination of the long axis of the embryo. 
Figs. 29, 76, and 118, are representative figures of embryos of various 
vertebrate forms at a period when the mid-brain forms the termina- 
tion of the long axis of the body. 

It is generally stated that the cranial flexure is at its maximum 
at the stage tepresented in these figures, and there can be no doubt 
that viewed from the exterior the cranial flexure ceases to be so 


nt7* 
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Fio. 247. Longitudinal sec- 
tion THROUGH THE BRAIN OF A 
YOUNG PRISTIUBUS EMBRYO. 

ctr, commeticement of the 
cerebral hemisphere; pineal 
gland; In. infundibulum; pi. in- 
growth from mouth to form the 
pituitary body; mh, mid-brain; 
ch. oerebeUum; ch, notochord; 
aX, alimentary tract; Jog. artery 
of mandibular aicb. 


marked a feature, and finally disappears 
as the embryo gradually grows older; but 
though the mid-brain ceases to form the 
tennination of the long axis of the em- 
bryo, the flexure of the brain becomes 
in many forms absolutely more marked ; 
while in other forms, though stated to 
diminish, it does not entirely vanish. 

The general nature of the changes 
which take place will perhaps best be 
understood by a comparison of figs. 247 
and 248 representing longitudinal sec- 
tions at two stages through the brain 
of an embryo Elasmobranch. I'he actual 
cranial flexure, i.e. flexure of the floor of 
the brain, is obviously greater in the 
older of the two brains, though viewed 
from the exterior the axis of this brain 
appears to be quite straight. In the 
younger stage, tig. 247, the raid-brain 
\mb) forms the end of the long axis of 
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the body, while in the older one the cerebral hemispheres (cer) have 


grown very greatly, especially for- 
wards and dorsalwards. They have 
thus come to lie in front of the mid- 
brain, and to form the end of the 
long axis of the body, and have at 
the same time compressed the origi- 
nally large thalamencephalon against 
the mid-braiu. Tlie same general 
features may be seen in fig. 250 re- 
presenting a longitudinal section of 
the brain of an embryo fowl, and 
fig. 255 representing a longitudinal 
section of the brain of a Mammal. 



The infundibulum or perhaps 
rather the point of origin of the 
optic nerves is to be regarded as 
the anterior termination of the axis 
of the base of the brain. 

The cranial fiexure is least marked 
in Cyclostomata (fig. 253), Teleostei, 
Ganoidei, and Amphibia, while it is 
very pronounced in Elasmobranchii, 
Beptilia, Aves, and Mammalia. In 
Teleostei, and still more in Cyclosto- 
mata, it permanently remains slight, 
owing to the small development of the 
cerebral hemispheres. 

In addition to the cranial flexure 


Fio. 248. Longitudinal section 

THKOUOH THE BRAIN OF SCYLLIUM CA- 
NICULA AT AN ADVANCED STAGE OP DE- 
VELOPMENT. 

cer. cerebral hemisphere; pn. pi- 
neal gland ; opJh. optic thalamus, con- 
nected with its fellow by a commissure 
(the middle commissureb In front of 
it is seen a fold of the roof of the fore- 
brain, which U connected with the cho- 
roid plexus of the third ventricle; op. 
optic chiasma; pt. pituitary body; in, 
infundibulum; cb, cerebellum; au.v, 
passage leading from the auditory vesi- 
cle to the exterior; mel, medulla ob- 
longata; C.in, internal carotid arteiy. 

two other flexures make their 


appearance in the base of the brain. A posterior at the junction of the 
brain and spinal cord, and an anterior at the boundary between the 
cerebellum and medulla oblongata, just at the point where the pons Varolii 
is formed in Mammalia. The anterior of these is the most marked and 


constant ; it is shewn in fig. 250. It arises (xmsiderably later than the main 
cranial flexure, and since it is turned the opposite way it assists to a con- 
siderable extent in causing the apparent straightening of the ci’anial axis. 


Histogenetic changes*. The walls of the brain are at first very 
thin and, like those of the spinal cord, are formed of a number of 
ranges of spindle-shaped cells. The processes of each of these cells 
are stated to be continued throiigh the whole thickness of the wall. 
In the floor of the hind- and mid-brain a superficial layer of delicate 
nerve-fibres is formed at an early period. This layer appears in 
the first instance on the floor and sides of the hind-brain, and very 
slightly, if at all, later on the floor and the sides ot the mid-brain. 
The cells internal to the nerve-fibres become differentiated into an 


^ It i« not within the scope of this work to give an account of the histogenesis of the 
brain; in the statement in the text only a few points, of some morphological imp(»rt- 
ance, are touched on. 



348 


HISTOGENESIS OF THE BRAIN 


innermost epithelial layer lining the cavities of the ventricles, and an 
outer layer of grey matter. 

The similarity of the primitive arrangement and histological 
character of the parts of the brain behind the cerebral hemispheres 
to that of the spinal cord is very conclusively shewn by the examina- 
tion of any good series of sections. In both brain and spinal cord 
the white matter forms a cap on the ‘ventral and lateral parts con- 
siderably before it extends to the dorsal surface. In the medulla 
the white matter does not eventually extend to the roof owing to 
the peculiar degeneration which that part undergoes. 

In the case of the fore-brain the earliest histological changes, 
except possibly in Mammals, take place on the same general plan as 
those of the remainder of the central nervous system ‘ ; but though 
the general plan is the same, yet the early histological distinction 
between the fore-brain, and the mid- and hind-brain is more marked 
than the distinction between the latter and the spinal cord. 

On the floor and sides of the thalamencephalon, and apparently 
the whole of the hemispheres of the lower types, there is formed, 
somewhat later than in the remainder of the brain, a very delicate 
layer of white matter. The inner part of the wall, which still remains 
comparatively thin, is not at first clearly divided into an epithelial 
and nervous layer. This distinction soon however becomes more or 
less apparent, though it is not so marked as in most other parts of 
the brain ; and it appears that in the subsequent growth the greater 
part of the original epithelial layer becomes -converted into nervous 
tissue. 

In Mammals the same plan of differentiation would seem to 
be fjllowed, though somewhat less Obviously than in the lower 
types. The walls of the hemispheres become first divided (KoUiker) 
into a superficial thinner layer of rounded elements, and a deeper 
and thicker epithelial layer, and between these the fibres of the crura 
cerebri soon interpose themselves. At a slightly later period a thin 
superficial layer of white matter, homologous with that of the re- 
mainder of the brain, becomes established. 

The inner layer, together with the fibres from the crura cerebri, 
gives rise to the major part of the white matter of the hemispheres 
and to the epithelium lining the lateral ventricles. 

The outer layer of rounded cells becomes divided into (1) a 
superficial part with comparatively few cells, which, together with 
its coating of white matter, forms the cortical part of the grey matter, 
and (2) a deeper layer with numerous cells which forms the main mass 
of the grey matter of the hemispheres. 

The development of the several parts of the brain will now be 
described. 

The hind-braUL The hind-brain is at first an elongated, funnel- 

1 I liHve worked out these changes in ElaHmobranchii, Amphibia (Salamandra) and 
Aves. 
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shaped tube, the walls of which are of a nearly uniform thickness, 
though the roof and door are somewhat thinner than the sides. It 
forms a direct continuation of the spinal cord, into which it passes 
without any sharp line of demarcation. The ventricle it contains is 
known as the fourth ventricle. 

The sides becr>me in the chick marked by a series of transverse 
constrictions, dividing it into lobes, which are somewhat indefinite in 
number. The first of these remains permanent, and its roof gives rise 
to the cerebellum. It is uncertain whether the other constrictions have 
any morphological significance. More or less similar constrictions are 
present in Teleostei. In Elasmobranchii the medulla presents on its 
inner face at a late {)eriod a series of lobes corresponding with the roots 
of the vagus and glossopharyngeal nerves, and it is possible that the 
earlier constrictions may potentially correspond to so many nerve-roots. 

Throughout the Vertebrata an anterior lobe of the hind-brain 
becomes very early marked ofif, so that the primitive hind-brain 
becomes divided into two regions which may be conveniently spoken 
of as the cerebellum (figs. 247 and 248, cb) and medulla oblongata. 
The floor of these regions is quite continuous and is also prolonged 
without any break into the floor of the mid-brain. 


jy 



Fio, 249. Section through the hind-brain of a Chick at the end op the 

THIRD DAY OP INCUBATION. 

IV, Fourth ventricle. The section shews the very thin roof and thicker sides of 
the ventricle. Ch, Notochord; CV, Anterior cardinal vein; CC. Involuted auditory 
vesiole; CC points to the end which will form the cochlear canal; RL, Recessus 
labyrinthi (remains of passage connecting the vesicle with the exterior) ; hy. Hypoblast 
lining the alimentary canal ; AO,f AOA, Aorta, and aortic arch* 

The posterior section of the hind-brain, which forms the medulla, 
undergoes changes of a somewhat complicated character. In the first 
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place its roof becomes in front very much extended and thinned out. 
At the raphe, where the two lateral halves of the brain originally 
united, a separation, as it were, takes place, and the two sides of the 
brain become pushed apart, remaining united by only a very thin 
layer of nervous matter, consisting of a single row of flattened cells 
(fig. 249). As a result of this peculiar growth in the brain, the roots 
of the nerves of the two sides, which were originally in contact at the 
dorsal summit of the brain, become carried away from one another, 
and appear to arise at the sides of the brain. 

The thin roof of the fourth ventricle is triangular, or, in Mammalia, 
somewhat rhomboidal in shape. The apex of the triangle is directed 
backwards. 

At a later period the blood-vessels of the pia mater form a rich 
plexus over the anterior part of the thin roof of the medulla, which 
becomes at the same time somewhat folded. The whole structure is 
known as the tela vasculosa or choroid plexus of the fourth 
ventricle (fig. 250, chd 4). The floor of the whole hind-brain becomes 
thickened, and there very soon appears on its outer surface a layer of 
non-medullated nerve-fibres, similar to those which first appear on 
the spinal cord. They are continuous with a similar layer of fibres 
on the floor of the mid-brain, where they constitute the crura cerebri. 
On the ventral floor of the medulla is a shallow continuation of the 
anterior fissure of the spinal cord. 

In Elasinobranchii and many Teleostei the restifonn tracts are well 
developed, and are anteriorly continued into the cerebellum, of which 
they form the peduncles. Near their junction with the cerebellum they 
form prominent bodies, which are I’eganded by Miklucho-Maclay as repre- 
senting the ti*ue cerebellum of Elasmobranchii. 

In Elasmobranchii a dorsal pair of lidges projects into the cavity of the 
fourth ventricle, corresi)onding apparently with the fasciculi teretes of the 
Mammalia. 

In Mammalia there develop, subsequently to the longitudinal fibres 
already spoken of, first the olivary bodies of the ventral side of the medulla, 
and at a still later period the pyramids. The fasciculi teretes in the cavity 
of the fourth ventricle are developed shortly before the pyramids. 

When the hind-brain becomes divided into two regions the roof 
of the anterior part does not become thinned out like that of the 
posterior, but on the contrary, becomes somewhat thickened and forms 
a band-like structure roofing over the anterior part of the fourth 
ventricle (fig. 247 and fig. 253, cb). 

This is a rudiment of the cerebellum, and in all Craniate Ver- 
tebrates it at first presents this simple structure and insignificant 
size. In Cyclostomata, Amphibia and many Reptilia this condition 
is permanent. In Elasmobranchii, on the other hand, the cerebellum 
assumes in the course of development a greater and greater pro- 
minence (fig. 248, cb), and eventually overlaps both the optic lobes 
in front and the medulla behind. In the later embryonic stages it 
exhibits in surface-views the appearance of a median constriction, and 
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the portion of the ventricle contained in it is prolongeil into two 
lateral outgrowths. 

Miklncho-Maclay, from his observations on the brains of adult Elasmo- 
branchii, was led to regard what is here called the cerebellum as identical 
with the mid-brain, and the true mid-brain as part of the thalamencephalon. 
Miklucho-Maclay was no doubt misled by the large size of the cerebellum, 
but, as we have seen, this body does not begin to be conspicuous till late in 
embryonic life. 

The mid-brain and thalamencephalon (according to the ordinary inter- 
pretations) have in the embryo of Elasmobranchs exactly the same relations 
as in the embryos of other Vertebrates; so that the embryological evidence 
appears to me to be conclusive against Miklucho-Maclay’s view. 

In Birds the cerebellum attains a very considerable development 
(fig. 250, cbl)y consisting of a folded central lobe with an arbor vitae, 
into which the fourth ventricle is prolonged. There are two small 
lateral lobes, apparently equivalent to th^e flocciili. Anteriorly the 



Fio. 260. Lonoitudinal section thuough the brain of a Chick or ten days. 

(After Mihalkovics.) 

hnut, cerebral hemispheres ; alf, olfactory lobe; alf^, olfactory nerve; ggt. corpus 
striatum; omi, anterior commissure; chdS, choroid plexus of the tliird ventricle; 
pin. pineal gland; cmp, posterior commissure; trni. lamina terminalis; chm, optic 
chiasma; inf, infundibulum; hph, pituitary body; bgm. commissure of Sylvius (roof 
of iter a tei^io ad qiiartum ventriculum) ; vma, velum medullae anterius (valve of 
Vienssens); cbl, cerebellum; chdA, choroid plexus of the fourth ventricle ; obt4, root 
of fourth ventricle; o6^. medulla oblongata; commissural part of medulla; inv, 
sheath of brain ; hU, basilar artery; crts, internal carotid. 

cerebellum is connected with the roof of the mid-brain by a delicate 
membrane, the velum medullas anterius, or valve of Vieussens (6g. 
250, vma). The pons Varolii of Mammalia is represented by a small 
number of transverse fibres on the floor of the hind-brain immediately 
below the cerebellum. 

In Mammalia the cerebellum attains a still greater development. 
The median lobe or vermiform process is first developed. In the 
higher the lateral parts forming the hemispheres of the 

cerebellum become formed as swellings at the sides at a considerably 
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later period, and are hardly developed in tl)e Monotremata and Mar- 
supialia. 

The cerebellum is connected with the roof of the mid-brain in front and 
with the choroid plexus of the fourth ventricle behind by delicate mem- 
branous structures, kuown as the velum medullse anterius (valve of 
Vieussens) and the velum medullse posterius. 

The pons Varolii is formed <in the ventral side of the floor of the 
cerebellar region as a bundle of transvei'se fibres at about the same time as 
the olivary bodies. 

The mid-brailL The changes undergone by the mid-brain are 
simpler than those of any other part of the brain. We have already 
seen that the mid-brain, on the appearance of the cranial flexure, 
forms an unpaired vesicle with a vaulted roof and curved floor, at 
the front end of the long axis of the body (fig. 118, MB). It is at 
this period in most Vertebrates relatively much larger than in the 
adult ; and it is only in the Teleostei that it more or less retains in 
the adult its embryonic proportions. 

The cavity of the mid-brain, greatly reduced in size in the higher 
forms, is known as the iter a tertio ad quartum ventriculum, or aque- 
ductus Sylvii. 

The roof of the mid-brain is sharply constricted off from the 
divisions of the brain in front of and behind it, but these constrictions 
do not extend to the floor. 

In some Vertebrates the region of the. mid-brain is sUted to 
undergo hardly any further development. In the Axolotl it remains 
according to Stieda^ as a simple tube with nearly uniformly thick 
walls. In the majority of forms it undergoes, however, a more com- 
plicated development. 

In Elasmobranchs the sides become thickened to form tlie optic lobes, 
which are soon separated by a median longitudinal groove. The floor be- 
comes thickent'd to form the crura cerebri. The primitive simple median 
cavity becomes imperfectly divided into a median portion below, and two 
lateral diverticula in the optic lobes. 

In Teleostei the changes, resulting in the formation of (1) a pair of 
longitudinal ridges projecting from the roof into the cavity of the iter, 
constituting the fornix of Gottsche, and (2) of the two swellings on the 
floor, forming the tori semicirculares, are more complicated, but have not 
been satisfactorily worked out. In Bombinator and the Anura generally 
the changes are of the same nature as those in Elasmobranchii, except that 
the prolongations of the ventricle into the optic lobes are still further con- 
stricted oflf from the median portion, which fbrms the tnie iter. 

In Beptilla and Aves the development of the mid-brain takes place on 
the same type as in Elasmobranchii and the Anura. In Birds the optic 
lobes are pushed very much aside, and the roof of the iter is greatly thinned 
out. In Mammalia the sides of the mid-brain give rise to two pairs of 
promiuences—the corpora quadrigemina — instead of the two optic lobes of 

* “Ueb. d. Ban d. centralen Nerveninrsiem d. Axolotl” Zdt. f. wits, ZooL, VoL 
XXV. 1875. 



Jf^EBVOUS ^SYST£M OF THE VERTEBRATA. 


353 


other Vertebrata. The prominences, which do not contain prolongations 
of the iter, become first visible on the appearance of an oblique transverse 
furrow, while the anterior pair alone are separated by a longitudinal furrow, 
fn the later stages of development the longitudinal furrow is continued so 
as to bisect the posterior pair. 

The floor, which is bounded posteriorly by the pons Varolii, becomes the 
crura cerebri The coi^pora geniculata interna also belong to this division 
of the brain. 

Fore-brain. In its earliest condition the fore-brain forms a single 
vesicle without a trace of separate divisions, but very early it buds off 
the optic vesicles, whose history is described with that of the eye. 


j 


Fio. 251. Section thbouoh the front 

PAST OF THE HEAD OF A LePXDOSTEUS EMBRYO 
ON THE SEVENTH DAY AFTER IMPREGNATION. 

at, alimentary tract; fb. thalamenoepha- 
Ion ; L lens of eje; op,t\ optio vesicle. Tlie 
mesoblast is not represented. 

The optic vesicles become gradually constricted off from the fore- 
brain in a direction obliquely backwards and downwards. They remain, 
however, attached to it at the anterior extremity of the base of the 
fore-brain (fig. 251 op.v.). While the above changes are taking place 
in the optic vesicles the anterior part of the fore-brain becomes pro- 
longed, and at the same time somewhat dilated. At first there is no 
sharp boundary between the primitive fore-brain and its anterior pro- 
longation, but there shortly appears a constriction which passes from 
above obliquely forwards and downwards. This constriction is shallow 
at first, but soon becomes much deeper, leaving however the cavities 
of the two divisions of the fore-brain united ventrally by a somewhat 
wide canal (fig. 232). 

Of these two divisions the posterior ^ becomes the thalamen- 
cephalon, while the anterior and larger division {cer) forms the rudi- 
ment of the cerebral hemispheres and olfactory lobes. For a con*^ 
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Pig. 252. Longitudinal bec- 

TtON THROUGH THE BRAIN OF A 
YOrN(i PrISTIURUS EMBRYO. 

cer. commencement of cerebral 
hemisphere; pn. pineal gland; In. 
infundibulum ; pt. ingrowth of 
mouth to form the pituitary body; 
mb. mid-brain; eb. cerebellum; ch. 
notochord; al. alimentary tract; 
laa. artery of mandibular arch. 
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siderable period this rudiment remains perfectly simple, and exhibits 
no signs, either externally or internally, of a longitudinal constriction 
dividing it into two lobes. 

From the above description it may be concluded that the rudi- 
ment of the cerebral hemispheres is contained in the original 
fore-brain. In spite however of their great importance in all the 
Craniata, it is probable that the hemisplieres were either not present 
as distinct structures, or only imperfectly separated from the thala- 
mencepbalon, in the primitive vertebrate stock. 

The thalamencephalon. The thalamencephalon varies so slightly 
in structure throughout the Vertebrate series that a general descrip- 
tion will suffice for all the types. 

It forms at first a simple vesicle, the walls of which are of a nearly 
uniform thickness and formed of the usual spindle-shaped cells. 

The cavity it contains is known as the third ventricle. Anteriorly 
it opens widely into the cerebral rudiment, and posteriorly into the 
ventricle of the mid-brain. The opening into the cerebral rudiment 
becomes the foramen of Munro. 

For convenience of description I shall divide it into three regions, 
viz. (1) the floor, (2) the sides, and (3; the roof. 

The floor becomes divided into two parts, an anterior part, giving 
origin to the optic nerves, in which is formed the optic chiasma; and 
a posterior part, which becomes produced into an at first incon- 
spicuous prominence — the rudiment of the, infundibulum (fig. 252 
In). This comes in contact with an involution from the mouth, 



Fio. 253. Duobammatic vkbtxcal section thbouoh tub head of a labva of 

Petbomyzon. 


The larva had been hatched three days, and was 4*8 mm. in length. The optic and 
auditory vesicles are supposed to be seen through the tinsues. 

c./e. cerebral hemisphere; th, optic thalamus ; in, infundibulum; pn, pineal gland; 
mb, mid-brain; cb, cerebellum; md, medulla oblongata; au,v, auditory vesicle ; on, 
optic vesicle; oh olfactory pit; m. mouth; hr,c, branchial pouches; th, thyroid 
involution; v,ao, ventral aorta; ht, ventricle of heart ; ch, notochord. 

which gives rise to the pituitary body (fig. 252 pt), the development 
of which will be dealt with separately. 

In the later stages of development the infundibulum becomes 
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gradually prolonged, and forms an elongated diverticulum of the third 
ventricle, the apex of which is in contact with the pituitary body 
(figs. 252, 254 in, and figs. 250 and 255 inf)^ 

Along the sides of the infundibulum run the commissural fibres 
connecting the floor of the mid-brain with the cerebrum. 

In its later stages the infundibular region presents considerable varia- 
tions in the diflereut vertebrate types. In Fishes it generally remains veiy 
large, and permanently forms a marked diverticulum of the floor of the 
thalameucephalon. In Elasmobranchii the distal end becomes divided into 
three lobes — a median and two lateral. The lateral lobes appear to become 
the sacci vasculosi of the adult. 

In Teleostei peculiar bodies known as the lobi inferiores (hypoaria) 
make their appearance at the sides of the infundibulum. They appear to 
corres[)ond in position with the tuber 
cineroum of Mammalia*. In Bird<, 

Heptiles, and Amphibia the lower part 
of the embryonic infundibulum becomes 
atrophied and reduced to a mere finger- 
like process — the processus infundibuli. 

In Mammalia the posterior part of 
the primitive infundibulum becomes the 
corpus albicans, which is double in Man 
and the higher Apes ; the ventral part 
of the posterior wall forms the tuber 
cinereum. Laterally, at the junction of 
the optic thalami tmd infundibulum, 
there are placed the fibres of the 
crum cerebri, which are probably de- 
rived from the walls of the infundi- 
bulum. A special process grows out 
from the base of the infundibulum, 
which undergoes peculiar ch.aiges, and 
becomes intimately united with the 
pituitary body ; in which connection it 
will be more fully described. 

The sides of the thalamence- 
phalon become very early thickened 
to form the optic thalami, which con- 
stitute the most important section of 
the thalamencephalon. They ire 
separated, in Mammalia at all 
events, on their inner aspect from 
somewhat S-shaped groove, known as the sulcus of Munro, which 
ends in the foramen of Munro. They also become in Mammalia 
secondarily united by a transverse commissure, the grey or middle 
commissure, which passes across the cavity of the third ventricle. 

' For the relations of these bodies, vide L. Stieda, “ Stud, iib, d. oentrale Nerven- 
syatem d. Knooheoflsohe.” ZeiUf. wits, Zool. Vol. xvm. 1868. 



Fill. 254. Longitudinal section 

THROUGH THE BRAIN OP SCYLLIUM CANI- 
CULA AT AN ADVANCED STAGE OP DE- 
VELOPMENT. 

cer, cerebral hemisphere; pn, pi- 
neal gland ; opJh. optic thalamus, con- 
nected with its fellow by a commissure 
(the middle commissure). In front of 
it is seen a fold of the roof of the fore- 
brain, which is the choroid plexus of 
the third ventrie'e; op. optic chiasma; 
pt. pituitary body; in. infundibulum; 
cb. cerebellum ; (iu.i\ passage leading 
from the auditory ve.sicle to the ex- 
terior; mei. medulla oblongata; C.in. 
internal carotid artery. 

the infundibular region by a 
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This commissure is probably homologous with, and derived from, a 
commissural baud in the roof of the thalamencephalon, placed imnxe- 
diately in front of the pineal gland which is well developed in Elas- 
mobranchii (fig. 254). 

The roof undergoes more complicated changes. It becomes di- 
vided, on the appearance of the pineal gland as a small papilliform 
outgrowth (the development of which is dealt with separately), into 
two regions — a longer anterior in front of the pineal gland and a 
shorter posterior. The anterior regie m becomes at an early period 
excessively thin, and at a later period, when the roof of the thalamen- 
cephalon is shortened by the approach of the cerebral hemispheres 
to the mid-brain, it becomes {vide figs. 250 and 255 chd 3 and 254) 
considerably folded, while at the same time a vascular plexus is formed 
in the pia mater above it. On the accomplishment of these changes 
it is knowm as the tela choroidea of the third ventricle. 

In the roof of the third ventricle behind the pineal gland there 
appear in Elasmobranchii, the Sauropsida and Mammalia transverse 
commissural fibres, forming a structure known as the posterior com- 
missure, which connects together the two optic thalami. 

The most remarkable organ in the roof of the thalamencephalon is 
the pineal gland, which is developed in most Vertebrates as a simple 
papilliform outgrowth of the roof, and is at first composed of cells 
similar to those of the other parts of the central nervous system (figs. 
250, 252, 254 and 255 jm or pin). In the lower Vertebrata it is 
directed forw'ards, but in Mammalia, and to some extent in Aves, it 
is directed backwards. 

In Amphibia it is described by Giitte (No. 296) as being a product of 
the point where the roof of the iiraiu reiuains latest attached to the external 
skin. 

The figure which Gotte gives to prove this does not a}>pear to me fully 
to bear out his conclusion; which if true is very important. Although 
I directed my attention specially to this point, I could find no indication 
in Elasmobranchii of a process similar to that described by Gotte, and his 
observations have not as yet been confirmed for other Vertebrates. Giitte 
compares the pineal gland to the long-persisting pore which leads into the 
cavity of the brain in the embryo of Amphioxus, and we might add the 
Ascidians, and, should his facts be confirmed, the conclusion he draws from 
them would appear to be well founded. 

The later stages in the development of the pineal gland in different 
Vertebrates have not in all cases been fully worked out^ 

In Elasmobranchii the pineal gland becomes in time very long, 
and extends far forwards over the roof of the cerebral hemispheres 
(fig. 254 pn). Its distal extremity dilates somewhat, and in the 
adult the whole organ forms (Ehlers, No. 337 ) an elongated tube, 
enlarged at its free extremity, and opening at its base into the brain. 
The enlarged extremity may either be lodged in a cavity in the 


* For a tuU aecotint of this subject vidf Ehlers (No. 537). 
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cartilage of the cranium (Acanthias), or be placed outside the 
cranium (Raja). 

In Petromyzon its form is very different. It arises (fig. 253 pn) 
as a sack-like diverticulum of the thalamencephalon extending at 
first both backwards and forwards. In the Ammocoete the walls of 


this sack are deeply infolded. 

The embryonic form of the pineal gland in Amphibia is very much 
like that which remains permanent in Elasmobranchii ; the stalk 
connecting the enlarged terminal portion with the brain soon however 
becomes solid and very 


thin except at its prox- 
imal extremity. The 
enlarged portion also 
becomes solid, and is 
placed in the adult 
externally to the sk ull, 
where it forms a mass 
originally described by 
Stieda as the cerebral 
gland. 

In Birds the primi- 
tive outgrowth to form 
the pineal gland be- 
comes, according to 
Mihalkovics, deeply 
indented by vascular 
connective tissue in- 
growths, so that it 



cnm/ 

7 /irvS 

FlO. 2.>5. LoNC.ITrDINAL VERTICAL SECTION THROUGH 
THE ANTERIOR TART OF THE RRAIN OP AN EMBRYO BABBIT 


assumes a dendritic of four centimetres. (After Mihalkovics.) 


Structure (fig. 250/)???), 
The proximal ex- 
tremity attached to the 
roof of the thalamen- 
cephalon forms a spe- 
cial section, known as 
the infra-pineal pro- 
cess. The central lu- 
men of the free part 
of the gland finally 
atrophies, but the 
branches still remain 


The section passes throuc'h the median line so that 
the cerebral hemispheres are not cut; their position is 
however indicated in outline. 

gpt. septum lucidiim formed by the coalescence of 
the inner walls of part of the cerebral hemispheres; 
cna, anterior commissure ; frx, vertical pillars of the 
fornix; mL genu of corpus callosum; trm, lamina ter- 
ininalis ; hms, cerebral hemispheres ; olf. olfactory lobes ; 
acL artery of corpus callosum ; /wr. position of foramen 
of Munro; chd choroid plexus of third ventricle; p/w. 
pineal gland; cmp. posterior commissure: bgm. laiiiina 
uniting the lobes of the mid-brain; c/n/i. optic chiasma; 
hph. pituflary bmly; inf. infundibulum; pons Va- 
rolii ; pdf. cerebral peduncles ; agd. iter. 


hollow. The iiifra-pineal process becomes reduced to a narrow stalk, 
connecting the branched portion of the body with the brain. The 
branched terminal portion and the stalk obviously correspond with 
the vesicle and dist(il part of the stalk of the types already described. 
In Mammalia the development of the pineal gland is, according to 
Mihalkovics, generally similar to that of Birds. The original out- 
growth becomes branched, but the follicles or lobes to which the 
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branching gives rise eventually become solid (fig. 255 piv). An infra- 
pineal process is developed comparatively late, and is not sharply 
separated from the roof of the brain. 

No satisfactory suggestions have yet been offered as to the nature 
of the pineal gland, unless the view of Gotte be regarded as such. It 
appears to possess in all forms an epithelial structure, but, except at 
the base of the stalk (infra-pineal process) in Mammalia, in the wall 
of which there are nerve-fibres, no nervous structures are present in 
it in the adult state. 

The pituitary body. Although the pituitary body is not properly 
a nervous structure, yet from its intimate connection with the brain it 
will be convenient to describe its development here. The pituitary 
body is in fact an organ derived from the epiblast of the stomodaeum. 
This fact has been demonstrated for Mammalia, Aves, Amphibia and 
Elasmobranchii, and may be accepted as holding good for all the Crani- 
ata\ The epiblast in the angle formed by the cranial flexure becomes 
involuted to form tlie cavity of the mouth. This cavity is bordered 
on its posterior surface by the front wall of the alimentary tract, and 
on its anterior by the base of the fore-brain. Its up[)ermost end 
does not at first become markedly constricted off from the remainder, 
but is nevertheless the rudiment of the pituitary body. 

Fig. 256 represents a transverse section through the he^d of' an 
Elasmobranch embryo, in which, owing to tlie cranial flexure, the fore 
part of the head is cut longitudinally and horizontally, and the 
section passes through both the fore-brain { fh) and the hind-brain. 
Close to the base of the fore-brain are seen the mouth (wi), and the 
pituitary involution from this {pt). In contact with the pituitary 
involution is the blind anterior termination of tlie thn)at (a/) which a 
little way back opens to the exterior by the first visceral cleft (t v.c). 
This figure alone suffices to demonstrate the correctness of the 
above account of the pituitary body ; but its truth is still further 
confirmed by fig. 252 ; in which the mouth involution {pt) is in 
contact with, but still separated from, the front end of the alimentary 
tract. Very shortly after the septum between the mouth and throat 
becomes pierced, and the two are placed in communication, the 
pituitary involution becomes very partially constricted off from the 
mouth involution, though still in direct communication with it. In 
later stages the pituitary involution becomes Lmger and is dilated 
terminally; while the passage connecting it with the mouth becomes 
narrower and narrower, and is finally reduced to a solid cord, which 
in its turn disappears. 

Before the connection between the pituitary vesicle and the mouth 
» 

* Scott fitates that in the larva of Petromyzon the pituitary body is deiived from 
the walls of the nasal pit; Quart. J. of Micr. Science, Vol. xxi. p. 760. I have not 
myself completely followed its development in Petromyzon, but 1 have observed a 
slight diverticulum of the stomodaeum which 1 believe gives origin to it. Fuller details 
are in any case required before we can admit so great a divergence from the normal 
development as is indicated by Scott^s statements. 
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is obliterated the cartilaginous cranium becomes developed, and it 
may then be seen that the infundibulum projects through the pitui- 
tary space to come into close juxtaposition with the pituitary body. 

After the pituitary vesicle has lost its connection with the mouth 
it lies just in front of the infundibulum (figs. 250 and 255 hph and 
fig. 254 pt)\ and soon becomes sur- 
rounded by vascular mesoblast, which 
grows in and divides it into a number 
of branching tubes. In many forms 
the cavity of the vesicle completely 
disappears, and the branches become 
for the most part solid [Cyclostomata 
and some Mammalia (the rabbit), 

Elasmobranchii, Teleostei and Am- 
phibia]. In Reptilia, Aves and most 
Mammalia the lumen of the organ is 
more or less retained (W. Miiller, No. 

344 )* 

Although in the majority of the 
Vertebrata there is a close connection 
between tlie pituitary body and the 
infundibulum, there is no actual fusion 
between the two. In Mammalia the 
case is different. The part of the in- 
fundibulum which lies at the hinder 
end of the pituitary body is at first a 
simple finger-like process of the brain 
(fig. 255 wf)y but its end becomes 
swollen, and the lumen in this part 
becomes obliterated. Its cells, origi- 
nally similar to those of the other 
parts of the nervous system and even 
(Kolliker) containing differentiated 
nerve-fibres, partly atrophy, and partly 
assume an indifferent form, while at 
the same time there grow in amongst 
them numerous vascular and connec- 
tive-tissue elements. The process of the infundibulum thus meta- 
morphosed becomes inseparably connected with the true pituitary 
body, of which it is usually described as the posterior lobe. The 
part of the infundibulum which*undergoes this change is very pro- 
bably homologous with the saccus vasculosus of Fishes. 

The true natui*e of the pituitary body has not yet been made out. It is 
clearly a rudimentary organ in existing craniate Vertebrates, and its 
development indicates that when functional it was probably a sense organ 
opening into the mouth, its blind end reaching to the base of the brain. No 
similar organ has as yet been found in Am})hioxu8, but it seems possible 
perhaps to identify it with the peculiar ciliated sack placed at the opening 



Fio. 256 . Transverse section 

THROU(»H THE FRONT PART OF THE 
HEAD OF A YOlINO PRISTIURUS EMBRYO. 

The section, owing to the cranial 
flexure, cuts both the fore- and the 
hind-brain. It shews the preman- 
dibular and mandibular head cavities 
Ipp and 2p2), etc. The section is 
moreover somewhat oblique from vide 
to side. 

fh, fore-brain ; L lens of eye ; ?w. 
mouth ; pt. upper end of mouth, 
formiug pituitary involution; lao. 
mandibular aortic arch; 1pp. and 
2pp. first and second head cavities ; 
Ivc. first visceral cleft; fifth 
nerve; ann, auditory nerve; VII. 
seventh nerve; aa. roots of dorsal 
aorta; aci\ anterior cardinal vein; 
ch. notochord. 
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of the pharynx in the Tunicata, the deveiopmeni of which was described 
at p. 15. If the suggestion is correct, the division of the body into lobes 
in existing Yertebrata must be regarded as a step towards a retrogressive 
metamorphosis. 

Another possible view is to regard the pituitary body as a glandular 
structure which originally oj)ened into the mouth in the lower Chordata, 
but which has in all existing forms ceased to 1)6 functiotial. The intimate 
•relation of the organ to the brain appears to me opposed to this view of 
its nature, while on the other hand its permanent structure is more easily 
explained on this view than on that previously stated. In the Ascidians 
a glandular organ has been desciibed by L^icaze Duthiei's * in juxtaposition 
to the ciliated sack, and it is possible that this organ as well as the 
ciliated sack may be related to the pituitary body. In view of this pos- 
sibility further investigations ought to be carried out in order to determine 
whether the whole pituitary body is derived from the oral involution, or 
whether there may not be a nervous |)art and a glandular part ot the organ. 

The Cerebral Hemispheres. It will be convenient to treat sepa- 
rately the development of the cerebral hemispheres proper, and that 
of the olfactory lobes. 

Although the cerebral hemispheres vary more than any other part 
of the brain, they are nevertheless develoj>ed from the unpaired 
cerebral rudiment in a nearly similar manner throughout the series 
of Yertebrata. 

In the cerebral rudiment two parts may be distinguished, viz. the 
floor and the roof. The former gives rise to the ganglia at the base of 
the hemispheres — cor[)ora striata, etc. — the latter to the hemispheres 
proper. 

The first change which takes place consists in the rf)of growing 
out into two lobes, between which a shallow median constriction makes 
its aunearance fficr. 257). The two lobes thus formed are the rudi- 
ments of the two hemispheres. 
The cavity of each of them opens 
by a widish aperture into the 
vestibule at the base of the 
cerebral rudiment, which again 
opens directly into the cavity of 
the third ventricle (.3 v). The 
Y-shaped aperture thus formed, 
which leads from the cerebral 
hemispheres into the third ven- 
tricle, is the foramen of Munro. 
The cavity (Iv) in each of the 
rudimentary hemispheres is a 
lateral ventricle. The part of 
the cerebrum which lies between 
the two hemispheres, and passes 
forwards from the roof of the 

^ ‘^Les Ascidies simples dee Cdtee de France.’’ Arehivei de Biologie expir. et giniraU. 
Vol. HI. 1874, p. 829. 



Fig. 257- Diaobammatic longitudinai. 

BOBIZONTAli SECTION THBOUGH THE EOBB- 
BBAIN. 


8.17. third ventricle ; Iv. lateral ventricle ; 
It. lamina tenninalis; ce. cerebral hemi- 
sphere ; op.th. optic thalamus. 
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third ventricle round the end of the brain to the optic chiasma, is the 
rudiment of the lamina terminalis (figs. 257 It and 255 trni). Up to 
this point the development of the cerebrum is similar in all Verte- 
brata, but in some forms it practically does not proceed much further. 

In Elasmobranchii, although the cerebrum reaches a considerable 
size (fig. 254 cer), and grows some way backwards over the tbalamen- 
cephalon, yet it is not in many forms divided into two distinct lobes, 
but its paired nature is only marked by a shallow constriction on the 
surface. The lamina terminalis in the later stages of development 
grows backwards as a thick median septum which completely separates 
the two lateral ventricles ‘ (fig. 263). 

There are, it may be mentioned, considerable variations in the 
structure of the cerebrum in Elasmobranchii into w'hich it is not 
however within the scope of this work to enter. 

In the Teleostei the vesicles of the cerebral hemispheres appear at 
first to have a wide lumen, but it subsequently becomes almost or 
quite obliterated, and the cerebral rudiment forms a small bilobed 
nearly solid body. In Petromyzon (fig. 253 ch.) the cerebral rudiment 
is at first an unpaired anterior vesicle, which subsequently becomes 
bilobed in the normal manner. The w^alls of the hemispheres become 
much thickened, but the lateral ventricles persist. 

In all the higher Vertebrates the division of the cerebral rudiment 
into two distinct hemispheres is quite complete, and with the deep- 
ening of the furrow between the two hemispheres the lamina terminalis 
is carried backwards till it forms a thin layer bounding the third 
ventricle anteriorly, while the lateral ventricles open directly into 
the third ventricle. 

In Amphibians the two hemispheres become united together 
immediately in front of the lamina terminalis by commissural fibres, 
forming the anterior commissure. They also send out anteriorly two 
solid prolongations, usually spoken of as the olfactory lobes, which 
subsequently fuse together. 

In all Reptilia and Aves there is formed an anterior commissure, 
and in the higher members of the group, especially Aves (fig. 250), 
the hemispheres may obtain a considerable development. Their outer 
walls are much thickened, while their inner walls become very thin ; 
and a well-developed ganglionic mass, equivalent to the corpus 
striatum, is formed at their base. 

The cerebral hemispheres undergo in Mammalia the most com- 
plicated development. The primitive unpaired cerebral rudiment 
becomes, as in lower Vertebrates, bilobed, and at the same time 
divided by the ingrowth of a septum of connective tissue into two 
distinct hemispheres (figs. 260 and 261 f and 258 i). From this 
septum is formed the falx cerebri and other parts. 

^ A comparison of the mode of development of this septum with that of the septum 
luoidum with its oontained commissures in Mammalia clearly shews that the two 
structures are not homologous, and that Miklucho-Maclay is in error in attempting to 
treat them as being so. 
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The hemispheres cantain at fir^t yeiy iai^e cavities, communicating 

by a wide foramen of Munro 
^ ^ with the third ventricle (fig. 

260). They grow rapidly in size, 
and extQii^^especiallybiickwa7'd8, 
and gradually cover the thala- 
mencephalon and the mid-brain 
(fig. 258 1,/). The foramen of 
Munro becomes very much nar- 
rowed and reduced to a mere 
slit. 




Fio. 258. Brain of a three months' 
HUMAN embryo: NATURAL SIZE. (From Kol- 
liker.) 

1. From above with the dorsal part of 
hemispheres and mid-brain removed; 2. 
From below. /. ante rior part of out wall of the 
hemisphere; /'.cornu ammonis; tko. optic 
thalamus; cst. corpus striatum; to. optic 
tract; cm. corpora mammilJaria; p. pons 
Varolii. 

of which constitute the permanent 
of the lateral ventricles (fig. 262 st). 
With the further growth of the 


The walls are originally 
nearly uniformly thick, but the 
floor becomes thickened on eacli 
side, and gives rise to the corpus 
striatum (figs. 260 and 261 st). 
The corpus striatum projects 
upwards into each lateral ven- 
tricle, giving to it a somewhat 
semilunar form, the two horns 
anterior and descending cornua 

hemisphere the corpus striatum 



Fio. 259. Tkansveksb hkction through the brain of a rabhit of fivf. 

CENTIMETRES. (After Mihalkovicfl.) 

The section passes through nearly the posterior border of the septum lucidum, 
immediately in front of the foramen of Munro. 

hfM, cerebral hemispheres; cal, corpus callosum; am?Jt. cornu ammonis (hippo- 
campus major); cuih, superior commissure of the cornua ammonis; apt, septum 
lucidum; frx2. vertical fibres of the fornix; etna, anterior commissure; trm. lamina 
terminalis; itr. corpus stiiatum; ///.nucleus lenticnlari<< of corpus striatum; rtr 1. 
lateral veutiicle; vtrH, third ventricle; Ipl. slit between cerebral hemispheres. 
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loses its primitive rektione to the descending cornu. The reduction 
in size of the foramen of Munro above mentioned is, to a large extent, 
caused by the growth of the corpora striata. 

The corpora striata are united at their posterior border with the 
optic thalaini. In the later stages of development the area of 
contact between these two pairs of ganglia increases to an immense 
extent (fig. 261), and the boundary between them becomes somewhat 
obscure, so that the sharp distinction which exists in the embryo 
between the thalamencephalon and cerebral hemispheres becomes 
lost. This change is usually (Mihalkovics, Kolliker) attributed to 
a fusion between the corpora striata and optic thalami, but it has 
recently been attributed by Schwalbe (No. 349 ), with more proba- 
bility, to a growth of the original surface of contact, and an accom- 
panying change in the relations of the parts. 

The outer wall of the hemispheres gradually thickens, while the 
inner wall becomes thinner. In the latter, two curved folds, projecting 
towards the interior of the lateral ventricle, become formed. These 
folds extend from the foramen of Munro along nearly the whole of 
what afterwards becomes the descending cornu of the lateral ventricle. 

The upper fold becomes the hippocampus major (cornu ammouis) 
(ligs. 259 (imm, 260 and 261 /#, and 262 am). When the rudiment 


ih 


Fio. 260. Tr\n8vkuke section THUoran the prain of a sheep’s embryo 
OF 2*7 CM. IN LENGTH. (From Kolliker.) 

The section passes through the level of the foramen of Munro. 

$t, corpus striatum ; m. foramen of Munro ; t. third ventricle ; pf. choroid plexus 
of lateral ventricle; /. falx cerebri; th. anterior ))art of optic thalamus; ch, optic 
chiasina; 0 , optic nerve; c. fibres of the cerebral peduncles; /*. cornu ammonis; 
p. pharynx ; «a. pre«sphenoid bone ; a, orbito-sphenoid bone ; points to part of the 
roof of the brain at the junction between the roof of the third ventrkae and the 
lamina terminalis ; 1. lateral ventricle. 
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the descending cornu has become transformed into a simple 



tc O 

Fio.. 261. ThaNHVKKSK section TlIHoroH the bkmn of a bhkep’b kmiiryo 
or 2*7 CM. IN LENoTH. (FroHi Kolliker.) 

The section is taken a short distance behind the section represented in fig. 200» 
and passes through the posterior part of the hemispheres and the third ventricle. 

9t. corpus stiiatum ; th. optic thalamus; to. optic tract; t. third ventricle; d. roof 
of third ventricle; c. fibres of cerebral peduncles; c\ divergence of these fibres into the 
walls of the hemispheres; e, lateral ventricle with choroid plexus pl\ h. cornu am- 
monis; /. primitive falx; am. alisphenoid; a. orbito-sphenoid ; ««. piesphenoid; p. 
pharynx; mk. Meckel's cartilage. 

process of the lateral ventricle the hippocampus major forms a 
prominence upon its floor. 

The wall of the lower fold becomes veiy thin, and a vascular 
plexus, derived from the connective-tissue septum between the hemi- 
spheres, and similar to that of the roof of the third ventricle, is formed 
outside it. It constitutes a fold projecting far into the cavity of the 
lateral ventricle, and together with the vascular connective tissue in 
it gives rise to the choroid plexus of the lateral ventricle (figs. 260 
and 261 pi). 

It is clear from the above description that a marginal fissure 
leading into the cavity of the lateral ventricle does not exist in the 
sense often implied in works on human anatomy, in that the epi- 
thelium covering the choroid plexus, which forms the true wall of the 
brain, is a continuous membrane. The epithelium of the choroid 
plexus of the lateral ventricle is quite independent of that of the 
choroid plexus of the third ventricle, though at the foramen of Munro 
the roof of the third ventricle is of course continuous with the inner 
wall of the lateral ventricle (fig. 260 s). The vascular elements of 
the two plexuses form however a continuous structure. 
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The most characteristic parts of the Mammalian cerebrum are 
the commissures connecting the two hemispheres. These commissures 
are (1) the anterior commissure, (2) the fornix, and (3) the corpus 
callosum, the two latter being peculiar to Mammalia. 

By the fusion of the inner walls of the hemispheres in front of 
the lamina terminalis a solid septum is formed, known as the septum 
lucidum, continuous behind with the lamina terminalis, and below 
with the corpora striata (figs. 255 and 259 y)t). It is by a series of 
diflferentiations within this septum that the above commissures 
originate. In Man there is a closed cavity left in the septum 
known as the fifth ventricle, which has however no communication 
with the true ventricles of the brain. 

In the septum lucidum there become first formed, below, the 
transverse fibres of the anterior 
commissure (fig. 255 and fig. 

259 cma), and in the upper 
part the vertical fibres of the 
fornix (fig. 255 and fig. 259 
/ro! 2). The vertical fibres 
meet above the foramen of 
Munro, and thence diverge 
backwards, as the posterior 
pillars, to lose themselves in 
the cornu ammonis (fig. 259 
amm), Ventrally they are con- 
tinued, as the descending or 
anterior pillars of the fornix, 
into the corpus albicans, and 
thence into the optic thalami. 

The corpus callosum is not 
formed till after the anterior 
commissure and fornix. It 
arises in the upper part of the 
region (septum lucidum) formed 
by the fusion of. the lateral 
walls of the hemispheres (figs. 

255 and 259 cal), and at first only its curved anterior portion — 
the genu or rostrum — is developed. This portion is alone found in 
Monotremes and Marsupials. The posterior portion, which is present 
in all the Monodelphia, is gradually formed as the hemispheres are 
prolonged further backwards. 

Primitively the Mammalian cerebrum, like that of the lower 
Vertebrata, is quite smooth. In many of the Mammalia, Monotre- 
mata, Inaectivora, etc,, this condition is nearly retained through life, 
while in the majority of Mammalia a more or less complicated system 
of fissures is developed on the surface. The most important, and first 
formed, of these is the Sylvian fissure. It arises at the time when 
the hemispheres, owing to their gn>wth in front of and behind the 



Fig. 2C2. Lateral view of the brain 
OF A CALF EMBRYO OF 5 CM. (After Mihal> 
kovics.) 

The outer waU of the hemisphere is re- 
moved, BO as to give a view of the interior of 
the left lateral ventricle. 

/m. cut wall of hemisphere; st. corpus 
striatum ; am. hippocampus major (cornu am- 
nionis); d. choroid plexus of lateral ventricle; 
fm. foramen of Munro ; op. optic tract ; in. 
infundibulum; m2), mid- brain ; cb. cerebellum ; 
/T\r. roof of fourth ventricle; ps. pons Va- 
rolii, close to which is the fifth nerve witli 
Gasserian ganglion. 
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corpora striata, have assumed a somewhat bean-shaped form. At the 

root of the hemispheres 
^ ^ — the hilus of the bean 

V^livv 00 olfactory lobes. 

olfactory lobes, or 

^ dary outgrowths of the 

Fio.263. Section throuoh the biuin ano ol- cerebral hemispheres, and 

FACTOliT ORGAN OF AN EMBRYO OF SCVLLIUM. (MoOl- . 1 ^ x* i» 

fied from figures by Marshall and myself.) contain prolongations oi 

ch, cerebral hemispheres; o/.w. olfactory vesicle; the lateral ventlicles, 
«//. olfactory pit; ScK Schneiderian folds; /. olfac- but may however be 
tory nerve. The reference line has been accidentally i- i • ai n/liilt 
takM throogh the nerve to the brain; pn. anterior V? the adult State, 

prolongation of pineal gland. According to Marshall 

they develop in Bird^s 
and Elasniobranchs and presumably other forms later than the ol- 
factory nerves, so that tlie olfactory region of the hemispheres is 
indicated before the appearance of the olfactory lobes. 

In most Vertebrates the olfactory lobes arise at a fairly early 
stage of development from the under and anterior part of the hemi- 
spheres (fig. 250 o//). In Elasmobranehs they arise, not from the 
base, but from the lateral parts of the brain (fig. 2G3), and become 


subsequently divided into a bulbous portion and a stalk. They vary 
considerably in their structure in the adult. 

In Amphibia the solid anterior prolongations of the cerebral hemi- 
spheres already spoken of are usually regarded as the olfactory lobes, 
but according to Gbtte, whose view appears to me well founded, small 
papilias, situated at the base of these prolongations, from which olfac- 
tory nerves spring, and which contain a process of the lateral ventricle, 
should properly be regarded as the olfactory lobes. These papillae 
arise prior to the solid anterior prolongations of the hemispheres. 

In Birds the olfactory lobes are small. In the chick they arise 
(Marshall) on the seventh day of incubation. 


General conclusions as to the Central Nervous System, 

It has been shewn above that both the brain and spinal cord are 
primitively composed of a uniform wall of epithelial cells, and that 
the first differentiation results in the formation of an external layer 
of white matter, a middle layer of grey matter (ganglion cells), and 
an iniier epithelial layer. This primitive histological arrangement, 
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which in many parts of the brain at any rate, is only to be observed 
in the early developmental stages, has a simple phylogenetic explana- 
tion. 

As has been already explained in an earlier part of this chapter 
the central nervous system was originally a differentiated part of the 
superficial epidermis. 

This differentiation (as may be concluded from the character of 
the nervous system in the Coelenterata and Echinodermata) consisted 
in the conversion of the inner ends of the epithelial cells into nerve- 
fibres ; that is to say, that the first differentiation resulted in the 
formation of a layer of white matter on the inner side of the epi- 
dermis. The next stage was the separation of a deeper layer of the 
epidermis as a layer of ganglion cells from the superficial epithelial 
layer, Le, the formation of a middle layer of ganglion cells and an 
outer epithelial layer. Thus, phylogenetically, the same three layers 
as those which first make their appearance in the ontogeny of the 
vertebrate nervous system became successively differentiated, and in 
both cases they are clearly placed in the same positions, because the 
central canal of the vertebrate nervous system, as formed by an in- 
volution, is at the true outer surface, and the external part of the 
cord is at the true inner surface. 

It is probable that a very sharp distinction between the white 
and grey matter is a feature Jicquired in the higher Vertebrata, since 
in Amphioxus there is no such sharp separation ; though the nerve- 
fibres are mainly situated externally and the nerve-cells internally. 

As already stated in Chapter xii. the primitive division of the 
nervous axis was probably not into brain and spinal cord, but into 

(1) a fore-brain, representing the ganglion of the praeoral lobe, and 

(2) the posterior part of the nervous axis, consisting of the mid- 
and hind-brains and the spinal cord. Tins view of the division of the 
central nervous system fits in fairly satisfactorily with the facts of 
development. The fore-brain is, histologically, more distinct from 
the posterior part of the nervous system than the posterior parts are 
from each other ; the front end of the notochord forms the boundary 
between these two puts of the central nervous system {vide fig. 253), 
ending as it does at the front tennination of the floor of the mid- 
brain, and finally, the nerves of the fore-brain have a different cha- 
racter to those of the mid- and hind-brain. 

This primitive division of the central nervous system is lost in all 
the true Vertebrata, and in its plape there is a secondary division — 
corresponding with the secondary vertebrate head — into a brain and 
spinal cord. The brain, as it is established in these forms, is again 
divided into a fore-brain, a mid-brain and a hind-brain. The fore- 
brain is, as we have already seen, the original ganglion of the prseoral 
lobe. The mid-brain appears to be the lobe, or ganglion, of the third 
pair of nerves (first pair of segmental nerves), while the hind-brain is 
a more complex structure, each section of which (perhaps indicated 
by the constrictions which often appear at an early stage of develop- 
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ment) giving rise to a pair of segmental nerves is, roughly speaking, 
homologous with the whole mid-brain. 

The type of , differentiation of each of the primitively simple 
vesicles forming the fore-, the mid- and the hind-brains is very 
uniform throughout the Vertebrate series, but it is highly instructive 
to notice the great variations in the relative importance of the parts of 
the brain in the different types. This is especially striking in the case 
of the fore-brain, where the cerebral hemispheres, which on embryo- 
logical grounds we may conclude to have been hardly differentiated 
as distinct parts of the fore-brain in the most primitive types now 
extinct, gradually become more and more prominent, till in the highest 
Mammalia they constitute a more important section of the brain than 
the whole of the remaining parts put together. 

The little that is known with reference to the significance of the 
more or less corresponding outgrowths of the floor and roof of the 
thalamencephalon, constituting the infundibulum and pineal gland, 
has already been mentioned in connection with the development of 
these parts. 
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The development of the Cranial and Spinal Nerves'. 

All tlje nerves are outgrowths of the central nervous system, 
but the differences in development between the cranial and spinal 
nerves are sufficiently great to make it convenient to treat them 
separately. 

Spinal nerves. The posterior roots of the spinal nerves, as well 
as certain of the cranial nerves, arise in the same manner, and from 
the same structure, and are formed considerably before the anterior 
roots. Elasmobranch fishes may be taken as the type to illustrate 
the mode of formation of the spinal nerves. 

The whole of the nerves in question arise as outgrowths of a 
median ridge of cells, which makes its appearance on the dorsal side 
of the spinal cord (fig. 264 A, pr). This ridge has been called by 
Marshall the neural crest. At each point, where a pair of nerves 
will be formed, two pear-shaped outgrowths project from it, one on 
each side; and apply themselves closely to the walls of the spinal cord 
(fig. 264 B, pr). These outgrowths are the rudiments of the posterior 

* Remak derived the posterior ganglia from the tissue of the mesoblastic somites, and 
following in Remak 's steps most authors believed the peripheral nervous system to have 
a mesoblastic origin. This view, which had however been rejected on theoretical 
grounds by Hensen and others, was finally attacked on the ground of observation by 
His (No. 297). His (No. 352, p. 458) found that in the Fowl *Hhe spinal ganglia of the 
head and trunk arose from a small band of matter which is placed between the me- 
dullary plate and epiblast, and the material of which he called the * intermediate cord*.'' 
He further states that: ** Before the closure of the medullary tube this band forms a 
special groove — the * intermediate groove' — placed close to the border of the medullary 
plate. As the closure of the medullary plate into a tube is completed, the earlier inter- 
mediate groove becomes a compact cord. In the head of the embryo a longitudinal 
ridge arises in this way, which separates the suture of the brain from that of the epiblast. 
In the parts of the neck and in the remaining region of the neck the intermediate cord 
does not lie over the line of junction of the medullary tube, but laterally from this and 
forms a ridge, triangular in section, with a slight indrawing.** This intermediate ridge 
gives rise to four ganglia in the head, viz. the g. trigemini, g. acousticum, g. glosso- 
pharyngei, and vagi, and in the trunk to the spinal ganglia. In both cases it unites 
first with the spinal cord. 

I have given in the above account, as far as possible, a literal translation of His* own 
words, because the reader mil thus be enabled fairly to appreciate his meaning. 

Subsequently to His* memoir (No. 197) I gave an account of some researches of 
my own on this subject (No. 351), stating the whole of the nerves to be formed as 
cellular out-growths of the spinal cord. I failed fully to appreciate that some of the 
stages 1 spoke of had been idready accurately described by His, though interpreted by 
him very different^. Marshall, and afterwards Kdlliker, arrived at results in the main 
to my own, and Hensen, independently of and nearly simultaneously with 
myself, published briefly some observations on the nerves of Mammals in harmony with 
my results. ^ a 

His has since worked over the subject again (No. .351), and has reaffirmed as a re- 
sult of his work his original statements. I cannot, however, accept his interpretations 
on the subject, and must refer the reader who is anxious to study them more fully, to 
His* own paper. 

B. E. 11. 
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Fio. 264 A. Tjianbverse sec- 
tion THROUGH A PrISTIURUS EM- 
BRYO SHEWING THE PROLIFERATION 
OF CELLS TO FORM THE NEURAL 
CREST. 

pr, neural crest ; nc, neural 
canal; ch. notochord; ao, aorta. 



Fig. 264 B. Transterse 

SECTION TH110U<»H THE TRUNK 
OF AN EMBRYO SLIGHTLY OLDER 
THAN FIO. 28 E. 

nc. neural canal; pr. pos- 
terior root of spinal nerve ; .r. 
subnotochordal rod; ao. aorta; 
»c. somatic mesoblast ; ap. 
splanchnic mesoblast ; mp. 
muscle-plate ; mp'. portion of 
muscle - plate converted into 
muscle ; T>. portion pf the 
vertebral plate which will give 
rise to the vertebral bodies ; at. 
alimentary tract. 



Fig. 266. Vertical longitudinai^ 

SECTION THROUGH PART OF THE TRUNK 
OF A YOUNG SCTLLIUM EMBRYO. 

com. commissure uniting the dorsal 
ends of the posterior nerve- roots; 
pr. ganglia of posterior roots ; ar. an- 
terior roots ; it, segmental tubes ; ad. 
segmental duet ; g.e. epithelium lining 
the body cavity in the region of the 
future germinal ridge. 


nerves. While still remaining at- 
tached to the dorsal summit of the 
neural cord they grow to a consider- 
able size (fig. 264 B, j)r). 

The attachment to the dorsal 
summit is not permanent, but before 
describing the further fate of the 
nerve-rudiments it is necessary to 
say a few words as to the neural 
crest. At the period when the nerves 
have begun to shift their attachment 
to the spinal cord, there makes its 
appearance, in Elasmobranchii, a 
longitudinal commissure connecting 
the dorsal ends of all the spinal 
nerves (figs. 265, 266 com), as well 
as those of the vagus and glosso* 
pharyngeal nerves. This commis- 
sure has as yet only been found in a 
complete form in Elasmobranchii; 
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blit it is nevertheless to be regarded as a very important morphological 
stnicture. 



Fig. 266 . Spinal nerves of Scyllium in longitudinal section to shew 
THE commissure CONNECTING THEM. 

A. Section throngh a series of nerves. 

B. Highly magnified view of the dorsal part of a single nerve, and of the com- 
missure connected with it 

com, commissure; 8p,g, ganglion of posterior root; ar. anterior root. 

It is probable, though the point has not yet been definitely made 
out, that this commissure is derived from the neural crest, which 
appears therefore to separate into two cords, one connected with each 
set of dorsal roots. 

Beturning to the original attachment of the nerve-rudiments to 
the medullary wall, it has been already stated that this attachment 
is not permanent. It 
becomes, in fact, at about 
the time of the appear- 
ance of the above com- 
missure, either extremely 
delicate or absolutely in- 
terrupted. 

The nerve -rudiment 
now becomes divided into 
three parts (figs. 267 and 
268), (1) a proximal 

rounded portion, to which 
is attached the longitu- 
dinal commissure (pr) ; 

(2) an enlarged portion, 
forming the rudiment of 
a ganglion (g and spg); 

(3) a distal portion, form- 
ing the commencement 
of the nerve (n). The 
proximal portion may 
very soon be observed to 
be united with the side 
of the spinal cord at a 



Fig. 267 . Section through the dorsal part 
OF the trunk of a Torpedo embryo. 


pr. posterior root of spinal nerve; g, qiinal gan- 
glion; n. nerve; ar. anterior root of spinal nerve; 
eh. notochord; nc. neural canal; muscle-plate. 


24—2 



372 


SPINAL NERVES. 


very considerable distance from its original point of attachment. 
Moreover the proximal portion of the nerve is attached, not by its 
extremity, but by its side, to the spinal cord (fig. 268 x). The dorsal 
extremities of the posterior roots are therefore free. 

This attachment of the posterior nervo-root to the spinal cord is, on 
account of its small size, veiy difficult to obscn^e. In favourable specimens 
there may however be seen a distinct cellular prominence from the spinal 
cord, which becomes continuous with a small prominence on the lateral 
border of the nerve-root near its proximal extremity. The proximal ex- 
tremity of the nerve is composed of cells, which, by their small size and 
circular form, are easily distinguished from those which form the suc- 
ceeding or ganglionic portion of the nerve. This part has a swollen 
configuration, and is composed of large elongated cells with oval nuclei. 
The remainder of the rudiment forms the commencement of the true 
nerve. This also is, at first, composed of elongated cells*. 

It is extremely difficult to decide whether the permanent attachment of 
the posterior nerve-roots to the spinal cord is entirely a new formation, or 
merely due to the shifting of the original point of attachment. I am in- 
clined to adopt the former view, which is also held by Marshall and His, 
but may refer to fig. 269, shewing the roots after they have become 
attached to the side, as distinct evidence in favour of the view that 
the attachment simply becomes shifted, a fjrocess wrhich might perhaps 
be explained by a growth of the dorsal part of the spinal cord. The change 
of position in the ca.se of some of the cranial nerves is, however, so great 
that I do not think that it is possible to account for it without admitting 
the formation of a new attachment. 

The anterior roots of the spinal nerves appear somewhat later 
than the posterior roots, but while the latter are still quite small. 
Each of them (fig. 269 ar) arises as a small but distinct conical out- 
growth from a ventral corner of the spinal cord, before the latter has 
acquired its covering of white matter. From the very first the 
rudiments of the anterior roots have a somewhat fibrous appearance 
and an indistinct form of peripheral termination, while the proto- 
plasm of which they are composed becomes attenuated towards its 


' The cellular structure of embryonic neires is a point on which I should have anti- 
cipated that a deference of opinion was impossible, had it not been for the fact that His 
and KoUiker, following Bemak and other older embryologists, absolutely deny the fact. 
I feel quite sure that no one studying the development of the nerves in Elasmobranohii 
with well-preserved specimens could for a moment be doubtful on this point, and I can 
only explain His’ denial on the supposition that his sp^imens were utterly unsuited to 
the investigation of the nerves. I do not propose in this work entering into the histo- 
genesis of nerves, but may say that for the earlier stages of their growth* at any rate, 
my observations have led me in many respects to the same results as G5tte (EnUciek, 
d, Vnkey pp. 482—483), except that I hold that adequate proof is supplied by my in- 
vestigations to demonstrate that the nerves are for their whole length originally formed 
as outgrowths of the central nervous system. As the nerve-fibres become differential 
from the primitive spindle-shaped cells, the nuclei become relatively more sparse, and 
this fact has probably misled KfiUiker. Ldwe, while admitting the existence of nuclei 
in the nerves, states that th^y belong to mesoblastio cells which have wandered into ihe 
nerves. This is a purely gratuitous assumption, not supported by observation of the 
development. 
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end. They differ from the posterior roots in never shifting their 
point of attachment to the 
spinal cord, in not being 
united with each other by 
a commissure, and in never 
developing a ganglion. 

The anterior roots grow 
rapidly, and soon form elon- 
gated cords of spindle-shaped 
cells with wide attachments 
to the spinal cord (fig. 267). 

At first they pass obliquely 
and nearly horizontally out- 
wards, but, before reaching 
the muscle-plates, they take 
a bend downwards. 

One feature of some in- 
terest with reference to the 
anterior roots is the fact that 
they arise not vertically be- 
low, but alternately with the 
posterior roots : a condition 
which persists in the adult. 

They are at first quite separate from the posterior roots ; but about 
the stage represented in fig. 267 a junction is effected between each 
posterior root and the corresponding anterior root. The anterior root 
joins the posterior at some little distance below its ganglion (figs. 265 
‘and 266). 



Fio. 268. Section throuoh the DOBSAii 

REGION OF A PrISTIURUS EMBRYO. 

pr, posterior root ; sp.g, spinal ganglion ; n. 
nerve; x* attachment of ganglion to spinal cord; 
nc, neural canal; mp, muscle-plate; cK noto- 
chord ; 1 . investment of spinal cord. 


Although I have made some efforts to 
determine the eventual fate of the com- 
missure uniting the dorsal roots, I have not 
hitlierto met with success. It grows thinner 
and thinner, becoming at the same time com- 
posed of fibrous protoplasm with imbedded 
nuclei, and finally ceases to be recognisable. 
I can only conclude that it gradually atro- 
phies, and ultimately vanishes. 

After the junction of the posterior and 
anterior roots the compound nerve extends 
downwards, and may easily be tmeed for 
a considerable di^tance. A special dorsal 
branch is given off from the ganglion on 
the posterior root (fig. 275 rfn). According 
to l^we the fibres of the anterior and pos- 
terior roots can easily be distinguished in 
the higher types by their structure and 
behaviour towards colouring reagents, and 
can be se|>arately tmeed in the compound 
nerve. 



Fig. 261). Transverse sec- 
tion THROUGH the DORSAL REGION 

or A YOUNG Torpedo embryo to 
SHEW the origin OF THE ANTERIOR 
AND posterior BOOTS OF THE 
SPINAL NERVES. 

pr. posterior root of spinal 
nerve; or. anterior root of spinal 
nerve; mp. muscle -plate ; eh. 
notochord; vr. mesoblaat cells 
which will form the vertebral 
bodies. 
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So far as has been made out, the development of the spinal 
nerves of other Vertebrates agrees in the main with that in Elasmo- 
branchii, but tuo dorsal commissure has yet been discovered, except in 
the case of the first two or three spinal nerves of the Chick. 

In the Chick (Marshall, No. 353) the posterior roots, during their early 
stages, closely resemble those in Elasmobranchii, though their relatively 
smaller size makes them difficult to observe. They at first extend more or 
less horizontally outwards above the muscle-plates fas a few of the nerves 
also do to some extent in Elasmobranchii), but subsequently lie close to the 
sides of the neural canal. They are shewn in this position in fig. 116 sp.g. 
There does not appear to be a continuous crest connecting the roots of the 
posterior nerves. The later stages of the development are precisely like 
those in Elasmobranchii. 

The anterior roots have not been so satisfactorily investigated as the 
posterior, but they grow out, possibly by several roots for each nerve, 
from the ventral comers of the spinal cord, and subsequently become 
attached to the posterior nerves. 

I have observed the development of the posterior roots in Lepidosteus, 
in which they appear as projections from the doi*sal angles of the 8))inal 
cord, extending laterally outwards and, at first, having their extremities 
placed dorsally to the muscle-plates. 

The cranial nerves'. The earliest stages in the development of 
the cranial nerves have been most satisfactorily studied, especially by 
Marshall (No. 354 ), in the Chick, while the later stages have been 
more fully worked out in Elasmobranchii, where, moreover, they 
present a very primitive arrangement. In the Chick certain of the 
cranial nerves arise before the complete closure of the neural groove. 
These nerves are formed as paired outgrowths of a continuous band 
composed of two laminae, connecting the dorsal end of the incom- 
pletely closed medullary canal with the external epiblast. This mode 
of development will best be understood by an examination of fig. 270, 
where the two roots of the vagus nerve {vg) are shewn growing out 
from the neural band. Shortly after this stage the neural band, 
becoming separated from the epiblast, constitutes a crest attached to 
the roof of the brain, while its two lamina? become fused. The 
relation of the cranial nerves to the brain then becomes exactly the 
same as that of the posterior roots of the spinal nerves to the spinal 
cord. 

It does not appear possible to decide whether the mode of development 
of the cranial nerves in the Chick, or that of the posterior roots of the 
spinal nerves, is the more primitive. The difference in development 
between the two sets of nerves probably depends upon the relative 
time of the closure of the neural canal. The neural crest clearly belongs 
to the brain, from the fact of its remaining connected with the latter 
when the meidullaiy tube separates from the external epiblast. 

^ The optic nerves are for obvious reasons dealt with in connection with the deve- 
lopment of the eye. 
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It is not known whether the cranial nerves originate before the closure 
of the neural canal in other forms besides the Chick. 



Fiu. 270. Transverse section thuodgu the posterior part or the 

HEAD OF AN EMBRYO CHICK OF THIRTY HOURS. 

hb, hind-brain; vg* vagus nerve; ep, epiblast; clu notochord; x. thickening of 
liypoblast (possibly a rudiment of the subnotocliordal rod); ah throat; hu heart; 
pp, body cavity; «o. somatic mesoblast; s/. splanchuic mesoblast; hy, hypoblast. 

The neural crest of the brain is continuous with that of the spinal 
cord, and on its separation from the central nervous axis forms on 
each side a commissure, uniting the posterior cranial nerves with the 
spinal nerves, and continuous with the commissure connecting together 
the latter nerves. 

Anteriorly, the neural crest extends as far as the roof of the mid- 
braini The pairs of nerves which undoubtedly grow out from it are the 
third pair (Alarshall), the fifth, the seventh and auilitory (as a single 
root), the glossopharyngeal, and the various elements of the vagus 
(as separate roots in Elasmobranchii, but as a single root in Aves). 
Marshall holds that the olfactory nerve probably also originates from 
this crest. It will however be convenient to deal separately with 
this nerve, after treating of the other nerves which undoubtedly 
arise from the neural crest. 

The cranial nerves just enugierated present in their further de- 
velopment many points of similarity; and the glossophaiyngeal nerve, 
as it develops in Elasmobranchii, may perhaps be taken as typical. 

^ Marshall holds that the neural crest extends in front of the region of the optic 
vesicle. I have been unable completely to satisfy myself of the correctness of this 
statement. In my specimens the epiblast along the line of infolding of this part of 
the roof of the brain is much thickened, but what Marshall represents as a pair of out- 
growths from it like those of a true nerve (No. 354, PI. 11. fig. 6) appears to me in my 
specimens to be pai-t of the external epiblast; and I believe that they remain connected 
with the external epiblast on the complete separation of the brain from it. 
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lliis nerve is oonneoted by a commissnre with tbose behind, but this 
fact may for the moment be left out of consideration. Springing at 
first from the dorsal line of the hind-brain immediately behind the 
level of the auditory capsule, it apparently loses this primitive attach- 
ment and acquires a secondary attachment about half-way down the 
side of the hind-brain. The primitive undifiSerentiated rudiment soon 
becomes divided, exactly like a true posterior root of a spinal nerve, 
into a root, a ganglion and a nerve. The main branch of the nerve 
passes ventralwards, and supplies the first branchial arch (fig. 271 gl)- 
Shortly afterwards it sends forwards a smaller branch, which passes 
to the hyoid arch in front ; so that the nerve forks over the hyo- 
branchial cleft. A typical cranial nerve appears therefore, except as 
concerns its relations to the clefts, to develop precisely like the 
posterior root of the spinal nerve. 

Most of the cranial nerves of the above group, in correlation with 
the highly differentiated character of the head, acquire secondary 
differentiations, and render necessary a brief description of what is 
known with reference to their individual development. 

The Glossc^haiyil^^ mi Vaffns Nerves Behind the ear there 
are formed, in Scyllium, a series of five nerves which }>a8s down to respect- 
ively the first, second, third, fourth and fifth branchial arches. 

For each arch there is thus one nerve, whose course lies close to the 
posterior margin of the preceding cleft ; a second anterior branch, forking 
over the cleft and passing to the arch in front, being developed later. These 
nerves are connected with the brain by roots at first attached to the dorsal 
summit, but eventually situated about half-way down the sides. The 
foremost of them is the glossopharyngeal. The next four are, as has been 
shewn by Gegenbaur*, equivalent to four independent nerves, but form 
together a compound nerve, which we may briefly call the vagus. 

This compound nerve together with the glossopharyngeal soon at- 
tains a very complicated structure, and presents several remarkable 
features. Thei’e are present five branches (tig. 271 B), viz. the glossophar 
ryngeal (gl) and four branches of the vagus, the latter probably arising 
by a considerably greater number of strands from the brain All the 
strands from the brain are united together by a thin cominissui'e (fig. 
271 B, vg), continuous with the commissure of the posterior roots of the 
spinal nerves, and from this commissure the five branches are continued 
obliquely ventralwards and backwards, and each of them dilates irUo a 
ganglionic sioeUing. They all become again united together by a second 
thick commissure, which is continued backwards as the" intestinal branch 
of the vagus nerve. The nerves, however, are continued ventralwards each 
to its respective arch. From the lower commissure springs the lateral 
nerve, at a point whose relations to the branches of the vagus I have not 
certainly determined. 

With reference to the dorsal commissure, which is almost certainly 
derived from the original neural crest, it is to l)e noted that there is a 
longish stretch of it between the last branch of the vagus and the first spinal 

> “Ueber d. Kopfnerven von Hexanchus/* etc., JenaUche ZeiUchrift^ Vol. vi. 1871. 
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nerve, which is probably the remains of a part of the commissure which 
connected the posterior branches of the vagus, at a stage in the evolu- 
tion of the Yertebrata, when 


the posterior visceral clefts 
were still present. These 
branches of the vagus are 
probably partially preserved 
in the ramifications of the 
intestinal stem of the vagus 
(Gegeubaur), The origin of 
the ventral commissure, con- 
tinued as the intestinal 
branch of the vagus, has not 
been embryologically worked 
out. 

The lateral nerve may 
very probably be a dorsal 
sensory branch of the vagus, 
whose extension into the pos- 
terior part of the trunk has 
been due to the gradual back- 
ward elongation of the lateral 
line', causing the nerve sup- 
plying it to elongate at the 
same time (vide Section on 



lateral line). 

In the Chick the com- 



mon rudiment for the vagus 
and glossopharyngeal nerves 
(Marshall), which has already 
been spoken of, subsequently 
divides into two parts, an 
anterior forming the glosso- 
pharyngeal nerve, and a 
posterior forming the vagus 
nerve. 

Tlie Boventh and au- 
ditory nerves. As shewn 
by Marshall’s and ray own 
observations there is a com- 


Fio. *271. Views of the head of Elasmo- 

BBANCH EUBBTOS AT TWO STAOES AB TBAMBPABENT 
OBJECTS. 

A. PristiuniB embryo of the same stage as fig. 
28 F. 

B. Somewhat older Scyllium embryo. 

Ill, third nerve ; V, fifth nerve ; VII, seventh 
nerve ; au.n, auditory nerve ; gl. glossopharyngeal 
ner\e ; Vg, vagus nerve ; fb. fore-brain \ pn. pineal 
gland; im 6. mid-brain; hind-brain ; ir.i?. fourth 
ventricle; cb, cerebellum; oL olfactory pit; op, 
eye; au,V, auditory vesicle; tn. mesoblast at base 
of brain ; ch, notochord ; ht, heart ; Vc, visceral 
clefts ; eg. external gills ; pp, sections of body 
cavity in the head. 


mon rudiment forthe seventh 

and auditory nerves. This rudiment divides almost at once into two 
branches. The anterior of these pifrsues a straight course to the hyoid 
arch (fig. 271 A, VIL) and forms the rudiment of the facial nerve; the second 
of the two (fig. 271 A, au.n), which is the rudiment of the auditory nerve, 
develops a ganglionic enlargement and, turning^backwards, closely hugs 
the ventral wall of the auditory involution (fig. 2/2). 

The seventh or facial nerve soon becomes more complicated. It early 
develops, like the glossopharyngeal and vagus nerves, a branch, which 


1 The peculiar distribution of branches of the fifth and seventh nerves to the lateral 
line, which is not unoommon, is to be explained iu the same manner. 
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forks over the cleft in front (spiracle), and supplies tlie mandibular arch 
(fig. 271 B). This branch forms the prsespiracular nerve of the adult, and is 
homologous with the chorda tympani of Mammalia. Besides however 
giving rise to this typical branch it gives origin, at a very early period, 
to two other rather remarkable branches ; one of these, arising from its 
dorsal anterior border, passes forwards to the frmit pa/rt of head, im- 
mediately dorsal to the ophthalmic branch of the fifth to be de8crit>ed 
dii'ectly. This nerve is the portio major or superficialis of the nerve 
usually known as the ramus ophthalmicus supeificialis in the adult ^ 

The other branch of the seventh is the palatine branch — 8U]:)erficial 
petrosal of Mammalia — the course of which has been more fully investi- 
gated by Marshall than by myself. He has shewn that it arises *^jiist 
below the root of the ophthalmic branch,*’ and “ runs downwards and for- 
wards, lying parallel and immediately superficial to the maxillaiy branch 
of the fifth nerve.” This branch of the seventh nerve appeal’s to bear the 
same sort of relation to the superior maxillary branch of the fifth nerve, 
that the ophthalmic branch of the seventh does to the ophthalmic branch of 
the fifth. 

Both the root of the seventh and its main branches are gangliated. 

The auditory nerve is probably to be regarded as a spt^cially differen- 
tiated part of a dorsal branch of the seventh, while the ophthalmic branch 
may not improbably be a doi'sal branch comparable to a dorsal bi*anch of 
one of the spinal nerves. 

The fifth nerve. Shortly after its development the root of the fifth 
nerv^e shifts so as to be attached about half-way down the side of the brain. 
A large ganglion becomes develojied close to the root, which forms the 
rudiment of the Gasserian ganglion. The main branch of the nerve grows 
into the mandibular arch (fig. 271 A, F), maintaining towards it similar 
relations to those of the posterior nerves to their re8j)ective arches. 

Two other branches very soon become developed, which were not pro- 
perly distinguished in my original account. The d(»rsal one takes a course 
parallel to the ophthalmic bmnch of the seventh nerve, and forms, accord- 
ing to the nomenclature already adopted, the portio profunda of the 
ophthalmicus superficialis of the adult. 

The second nerve (fig. 271 A) passes forwards, above the mandibular 
head cavity, and is directed straight towards the eye, mar which it meeU 
and unites with the third nerve, where the ciliary ganglion is develoj:)ed 
(Marshall). This branch is usually called the ophthalmic branch of the 
fifth nerve, but Marshall rightly prefers to call it the communicating 
biunch between the fifth and third nerves*. 

Later than these two branches there is developed a thiid branch, passing 
to the front of the mouth, and forming tlie superior maxillary branch of 
the adult (fig. 271 B). 

Of the branches of the fifth nerve the main mandibular branch is 


* The two branches of the ramus ophthalmicus superficialis were spoken of as the 
ram. ophth. superficialis and ram. opth. profundus in my Monograph oti Ela$moltranch 
FUhet, The nomenclature in the text is Schwalbe’s, which is probably more correct 
than mine. 

^ Mushall thinks that this nerve may be the remains of the commissure originally 
connecting the roots of the third and fifth nerves. This suggestion can only be tested 
by further observations. 
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obviously comparable to the main branch of the posterior nerves. The 
superficial of)hthalmic branch is clearly equivalent to the ophthalmic branch 
of the seventh. The superior maxillary is usually held to be equivalent to 
that branch of the posterior nerves which forms the anterior limb of the fork 
over a cleft. The similarity between the course of this nerve and that of 
the palatine branch of the seventh, resembling as it does the similar course 
of the ophthalmic branches of the two nerves, suggests that it may perhaps 
really be the homologue of the palatine branch of the seventh, there being 
no homologue of the typical anterior branch of the other cranial nerves. 

Thfi third nerve. Our knowledge of the development of the third 
nerve is entirely due to Marshall. He has shewn that in the Chick 
there is developed from the neural crest, on the roof of the mid-brain, an 
outgrowth on each side, very similar to the rudiment of the posterior nerves. 
This outgrowth, the presence of which I can confirm, he believes to be the 
third nerve, but although he is probably right in this view, it must be 
borne in mind that there is no direct evidence on the point, the fate of 
the outgrowth in question not having been satisfactorily followed. 

At a very considerably later period a nerve may be found springw^g 
from the floor of ike mid-hrain^ which is undoubtedly the third nerve, and 
which Marshall supposes to be the above rudiment, which has shifted its 
l)08ition. It is shewn in 8cy Ilium in fig. 271 B, III. A few intermediate 
stages between this and the earliest condition of the nerve have been im- 
pe^ectly traced by Marshall. 

The nerve at the stage represented in fig. 27 1 B arises from a ganglionic 
root, and “inins as a long slender stem almost horizontally backwards, then 
turns slightly outwards to reach the interval between the dorsal ends of the 
first and second head cavities, where it expands into a small ganglion.” 
This ganglion, as first suggested by Schwalbe (No. 359), and subsequently 
proved embryologically by Marshall, is the ciliary ganglion. From the 
ciliaiy ganglion two branches arise ; one branch continuing the main stem 
of the nerve, and obviously homologous with the main branch of the other 
nerves, and the other [)a8siug directly forwards “ along the top of the first 
head cavity, then along the inner side of the eye, and finally terminating 
at the anterior exti'emity of the head, just doi-sal of the olfactc»ry pit.” 

The partial separation, in many forms, of the ciliary ganglion from the 
stem of the third nerve has led to the eiToneous view (disproved by the 
researches of Marshall and Schwalbe) that the ciliary ganglion belongs to 
the fifth nerve. The connecting branch of the fifth nerve often becomes 
directly continuous with the anterior branch of the third nerve, and the 
two together probably constitute the nerve known as the ramus oph- 
thalmicus profundus (Marshall). Further embryological investigations 
will be required to shew whether this nerve is homologous with the nasal 
branch of the fifth nerve in Mammafia. 

RelationB of the nerves to the head-cavities. The cranial nerves, 
whose development has just been given, bear certain veiy definite relations 
to the mesoblastic structures in the head, of the nature of somites, which 
ai*e known as the head-cavities. Each cranial nerve is typically placed 
immediately behind the head-cavity of its somite. Thus the main branch 
of the fifth nerve lies in contact with the posterior wall of the mandibular 
cavity, as shewn in section in fig, 272 V, 2pp and in surface view in fig. 271 ; 
the main branch of the seventh nerve occupies a similar |K)sition in relation 



380 


CRANIAL NERVES. 


to the hyoid cavity; aud, as Marshall has recently shewn, t£e main branch 
of the third nerve adjoins the posterior border of the front cavity, described 

by me as the premandibular cavity* 
Owing to the early conversion of the 
walls of the posterior head-cavities into 
muscles, their relations to the nerves are 
not quite so clear as in the case of the 
anterior cavities, though, as far as is 
known, they are precisely the same. 

Anterior nerve-roots in the brain. 
During my investigations on the de- 
velopment of the cranial nerves I was 
unable to 6nd any roots comparable with 
the anterior roots of the spinal nerves, 
and propounded an hypothesis (suggested 
by the absence of anterior spinal roots 
in Amphioxus*) that the head and trunk 
had become differentiated from each other 
at a stage when mixed motor and sensory 
]>osterior roots were the only roots 
sent, and I supposed th< 
spinal nerves to have been 
evolved from a common ground form, 
the resulting types of nerves being so 
different that no roots strictly comparable 
with the anteiior roots of spinal nerves 
were to be found in the cranial nerves. 

The views put forwaid by me on this 
subject, though accepted by Bchwalbe 
(No. 357), have in other quarters not 
met with much favour. Wiedersheim 
holds that it is impossible to believe that 
the cranial nerves are simpler tlian the 
spinal nerves. Such simplicity, which is 
clearly not found. I have never asserted to exist ; I have only stated that the 
cranial nerves, in acquiring the complicated character they have in the adult, 
do not develop anterior roots compamble with those of the spinal nerves. 
Marshall also strongly objects to my views, and has made some observa- 
tions for the purpose of testing them, leading to some very interesting 
results, which I proceed to state, and I will then explain my opinion con- 
cerning them. 

The most impot*tant observation of Marshal) on this subject concerns 
the sixth nerve. In both the Chick and Scyllium he has detected a nerve 
(the first development of which has unfortunately not been made out) 
aiising by a series of roots from the base of the hind-brain. By tracing 
this nerve to the external rectus muscle of the eye he has satisfactorily 
identified it as the sixth nerve. ** Neither in Qia mrve nor in its roots are 
there any ganglion cdUP This nerve he finds to be placed vertically below 

^ Schneider holds that anterior roots are present in Amphioxns, but I have been 
tinabie to satisfy myself of their presence. 



Fig, 272 . Transverse section 

THROUGH THE FRONT PART OF THE 
HEAR OF A YOUNG PrISTIURUS EHBRYO. 

The section, owing to the cranial 
flexure, cuts both the fore- and the 
hind-brain. It shews the preman- 
dibular and mandibular head cavities 
Ipp and 2pp, etc. 

fb, fore-brain; 1. lens of eye; m. 
mouth; pt. upper end of mouth, 
forming pituitary involution; lao. 
mandibular aortic arch ; 1pp. and 
2pp. first and second head cavities; 
Ifv. first visceral cleft ; V. fifth 
nerve; aun, ganglion of auditory 
nerve; VII, seventh nerve; aa, dor- 
sal aorta ; aev, anterior cardinal vein ; 
ch, notochord. 



NERVOUS SYSTEM OP THE VERTEBRATA. 


381 


the roots of the seventh nerve ; and it is not visible till mucli later than 
the cranial nei*ves above described. 

In addition to this nerve Marshall has found, both in the third nerve 
and in the fifth nerve, a series of non-gangliated roots, which arise in a 
manner not yet satisfactorily elucidated, considerably later than, and in front 
of, the main roots. These roots join the gangliated roots on the proximal 
side of the ganglion or in the ganglion and Marshall believes them to 
be homologous with the anterior roots of spinal nerves, while he holds the 
sixth nerve to be an anterior root of the seventh nerve. 

In addition to these nerves Marshall holds certain ventral roots, which 
occur in Elasmobranchs close to the boundary of the spinal cord and medulla, 
and which probably form the hypoglossal nerve of higher types, to be 
anterior roots of the vagus. It is very difficult to prove anything definitely 
about these nerves, but, for reasons stated in my work on Elaamohranjch 
FisheSy I am inclined to regard them as anterior roots of one or more 
spinal nerves. 

Before attempting to decide how far Marshall’s views about the so>called 
anterior roots of the seventh, the fifth and the third nerves are well founded 
it will conduce to clearness to state the characters and relations of the two 
roots of spinal nerves. 

The posterior root is (1) always purely semory; (2) it always develops a 
ganglion. The anterior root is (1) always purely motor; (2) it always joins 
the posterior root heJow the ganglion, except in Petromyzon (though not in 
Myxine) where the two roots are stated to be independent. 

How far do Mar»hairs anterior and posterior roots of the cranial nerves 
exhibit these respective peculiarities? 

W ith reference to the sixth and seventh nerves he states “ we must 
regard the sixth nerve as having the same relation to the seventh that the 
anterior root of a spinal nerve has to the posterior root.” On this I would 
remark ( I ) that the posterior root of this nerve is a mixed sensory and motor 
nerve and therefore differs in a very fundamental point from that of a 
spinal nerve ; (2) the sixth nerve though resembling the anterior root of a 
spinal nerve in being motor and without a ganglion, differs from the nearly 
universal arrangement of spinal nerves in not uniting with the seventh. 

With reference to the fifth nerve it is to be observed that it is by 
no means certain that the whole of the motor fibres are supplied by the 
so-called anterior roots, and that these roots differ again in the most 
marked manner from the anterior roots of spinal nervas in joining the 
main root of the neiwe ahwje (nearer the brain), and not as in a spinal 
nerve hdow the ganglion. The gangliated root of the third nerve is 
purely motor*, and its so-called anterior roots again differ from the anterior 
roots of spinal nerves, in the same manner as those of the fifth nerve. 

With reference to the glossophaiyngeal and vagus nerves I would 
merely remark that no anteiior root has even been suggested for the 
glossopharyngeal nerve and that the posterior roots of both these nerves 
contain a mixture of sensory and motor fibres. 

' These non-gangliated roots of the fifth nerve are not to be confounded with the 
motor root of the fifth nerve in higher types. They appear to form the anterior root of 
the adult which gives origin to the ramus ophthalmicus. 

* If If arsball’H view about the ramus ophthalmicus profundus (p. 879) is correct, the 
third must still be, as it no doubt was primitively, a mixed motor and sensory nerve. 
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In view of tiiOHe facts, my oiigiiial hypothesis appears to me to be 
confirmed by Marshall’s observations. 

The fiict of all the posterior roots of the above cranial nerves (except 
the third which may be purely motor) being mixed motor and sensory roots 
appears to me to demonstrate that the starting-point of their differentiation 
was a mixed nerve with a single dorsal root; and that they did not therefoi^e 
become differentiated from nerves built on the same type as the spinal nerves 
with dorsal sensory and ventral motor roots. The presence of such non- 
gangliated roots as those of the third and fifth nerves is not a difficulty 
to this view. Con^idering that the cranial nen^es are more highly differen- 
tiated than the spinal nerves, and have more complicated functions to perform, 
it would be surprising if there had not been developed non-ganglionated 
roots cmalogoua but not of course homologous with, the anterior roots 
of the spinal neiwes *, 

As to the sixth nerve further embryological investigations are requisite 
before its true position in the series can be determined; but it appears to 
me very probaUe that it is a product of the differentiation of the seventh 
nerve. 

Thfi fourth nervo* embryological investigations have been made 
with reference to the fourth nerve. It is possible that it is a segmental 
nerve comparable with the thiixi nerve, and that the only remnant still left 
of the segment to which it belongs is the superior oblique muscle of tlie eye. 
If this is the case there must have been two pnemandibular segments, viz. 
that belonging to the third nerve, and that belonging to the fourth nerve. 
Against tlds view of the fourth nerve is the fact, urgi^ with great force by 
Marshall, that the superior oblique muscle is in front of the other eye 
muscles, and that the fourth nerve therefore crosses the -third nerve to 
reach its destination. 

The Olfiictoiy nerve, it was shewn in my monograph on Elas- 
mobranch fishes that the olfactory nerve grew out from the brain in the 
same manner as other nerves; and Marshall (No. 355 ), to whom we are 
indebted for the greater part of our knowledge on the development of this 
nerve, has proved that it arises prior to the clifierentiation of the olfactoiy 
lobes. 

The earliest stages in the development of the nerve have not been 
made out. Marshall, as already stated, finds tliat in the Chick the neural 
crest is continued in front of the optic vesicles, and holds that this fact is 
strong a priori evidence in favour of the nerve growing out from it. 
As mentioned above, note on p. 375, I cannot without further evidence 
accept Marshall’s statements on this point. In any case Marshall has not 
yet been able again to find an olfactory nerve till long after the disappear- 
ance of the neural crest The olfactoiy nerve at the next stage observed 
forms an outgrowth of fusiform cells springing on either side from near 
the summit of the fore-brain; and at fifty hours it ends close to a slight 
thickening of the epiblast forming the first rudiment of the olfactory pit, 
with the walls of which it soon becomes united. 

^ In the higher types, as is. well known, the fifth nerve has its roots formed on the 
same t^ as a spinal nerve. The fact that this is not the case in the lower types, 
either in the embryo or the adult, is a clear indioation, to my mind, that Uie mammAHaw 
arrangement of the roots of the fifth nerve has been seoonoarily a^nired, a fact which 
is a most striking confirmation of my views as to the differences between the cranial 
and spinal nerves. 
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The growth of the cerebral hemispheres causes its point of insertion in 
the brain to be relatively shifted ; and on the development of the ol&ctory 
lobes {vide p. 366) it arises from them (fig. 273). In Elasmobranchs there 
is a large development of 
ganglion cells near its root. 

From Marshall’s figures 
these appear also to be 
present in the Chick, but 
they do not seem to have 
been found in other foi-ms. 

In both Teleostei and Am- 
phibia the olfactory nerves 
are at first extremely short. 

Marshall holds that the 
olfactory nerve is a seg- 
mental nerve equivalent to 
the third, fifth, seventh etc. 
neiwes. It has been al- 
ready stated that in my 
opinion the origin of the 
olfactory nerves from the 
fore-brain, which I hold to 
be the ganglion of the prae- 
oral lobe, negatives this 
view. The mere fact of 
these nerves originating as 
an outgrowth from the central nervous system is no argument in favour of 
Marshall’s view of their nature; and even if Marshall’s opinion that they 
arise from the neural crest should turn out to be well founded, this fact 
would not prove their segmental nature, because their origin from this 
crest would, as indicated in the next paragraph, merely seem to imply that 
they primitively arose from the lateral borders of the, nerve-plate from 
which the cerebro-spinal tube has been formed. 

Situation of the dorsal roote of the cranial and spinal nerves. 

The probable explanation of the origin of nerves from the neural crest has 
already been briefly given (p. 262). It is that the neural crest represents 
the original lateral borders of the nervous plate, and that, in the mechanical 
folding of the nervous plate to form the cerebro-spinal canal, its two lateral 
borders have become approximated in the median dorsal line to form the 
neural crest. The subsequent shifting of the nerves I am unable to explain, 
and the meaning of the transient longitudinal commissure connecting the 
nerves is also unknown. The folding of the neural plate must have 
extended to the region of the origin^of the olfactory nerves, so that, as 
just stated, there would be no special probability of the olfactory nerves 
belonging to the same category as the other dorsal nerves from the fact of 
their springing from the neural crest. 



Fio. 273. Section thbough the brain and ol- 
factory ORGAN OF AN EMBRYO OF SCYLLICM. (Modi- 
fied from figures by Marshall and myself.) 

ch, cerebral hemispheres ; oLv, olfactory vesicle; 
olf, olfactoiy pit; Sch, Schneiderian folds; J. olfac- 
toiy nerve. The reference line has been accidentally 
taken through the nerve to the brain; pn, pineal 
gland. 
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Sympathetic nervous system. 

The discovery that the spinal and cranial nerves together with 
their ganglia were formed from the epiblast was shortly afterwards 
extended to the sympathetic nervous system, which has now been 
shewn to arise in connection with the spinal and cranial nerves. The 
earliest observations on this subject were those contained in my 
Monograph on Elasmohranch Fishes (p. 173), while Schenk and 
Birdsell (No. 361 ) have since arrived at the same result for Aves 
and Mammalia. 

In my account of the development of these ganglia, it is stated that 
they were first met with as small masses situated at the ends of 
short branches of the spinal nerves (fig. 275 sy.g). More recent inves- 
tigations have shewn me that the sympathetic ganglia are at first 
simply swellings on the main branches of the spinal nerves some way 

below the ganglia. Their situation may be 
understood from fig. 274 sy.g, which belongs 
however to a somewhat later stage. Subse- 
quently the sympathetic ganglia become re- 
moved from the main stem of their respective 
nerves, remaining however connected with 
those stems by a short branch (fig. 275 sy.g). 
I have been unable to find a longitudinal 
commissure connecting them in their early 
stages ; and I presume that they are at first 
independent, and become subsequently united 
into a continuous cord on each side. 

The observations of Schenk and Birdsell 
on the Mammalia seem to indicate that the 
main parts of the sympathetic system arise 
in continuity with the posterior spinal gan- 
glia: they also shew that in the neck and 
other pai*ts the sym^thetic cords arise as a 
continuous ganglionic chain. The observa- 





Fro. 274. Lonoitcdinal 

VERTICAL SECTION THROUGH 
PART 07 THE BOOT WALL 07 
AN Elashobranch EMBRTO 
SHEWING PART 07 TWO SPINAL 
NERVES AND THE STHPATHETIC 
GANGLIA BELONGING TO THEM. 

ar. anterior root; pr. po^ 
lerior root ; sy.g. sympathetic 
ganglion ; mp. part of mns. 
cle-plate. 
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tions on the topographical features of the development of the sym- 
pathetic system in higher types are however as yet very imperfect. 



Fto. 275. Tbanstbbsi section thbouob the aktebior part of the trunk of an 
EMBRYO of ScTLLIUM BUOHFLY 01J>BB THAN FIO. 29 B. 

The seotioii is diagrammatio in the fact that the anterior nerve-roots have been 
inserted for their whole length ; whereas they join the spinal cord half-way between 
two posterior roots. 

fp.e. spinal cord ; $p,g, ganglion of posterior root ; ar. anterior root ; dn. dorsally 
directed nerve springing from posterior root ; mp. muscle plate ; mp'. part of masde 
plate already converted into muscles; mp.l. part of muscle plate which gives rise to 
the muscles of the limbs ; nU nervus lateralis ; ao. aorta ; ch. notochord ; sy .p. sym- 
^thetic ganglion ; ca.v. cardinal vein ; ip.n, spinal nerve ; «d. segmental (aridunephric) 
duct ; St. segmental tube ; du. duodenum ; pan. pancreas ; hp.d. point of junction of 
hepatic duct with duodenum ; umc, umbilical canal. 

B. E. II. 
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The later history of the sympathetic ganglia is intimately bound 
up with that of the so-called supra-renal bodies, which are dealt with 
in another chapter. 

Bibliography op the Sympathetic Nervous System. 
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ORGANS OF VISION. 


In the lowest forms of animal life the whole surface is sensitive 
to light, and organs of vision have no doubt arisen in the first 
instance from limited areas becoming especially sensitive to light in 
conjunction with a deposit of pigment. Lens-like structures, formed 
either as a thickening of the cuticle, or as a mass of cells, were sub- 
sequently formed ; but their function was not, in the first instance, to 
throw an image of external objects on the perceptive part of the eye, 
but to concentrate the light on it. From such a simple form of 
visual organ it is easy to pass by a series of steps to an eye capable 
of true vision. 

There are but few groups of the Metazoa which are not provided 
with optic organs of greater or lesser complexity. 

In a large number of instances these organs are placed on the ' 
anterior part of the head, and are innervated from the anterior 
ganglia. It is possible that many of the eyes so situated may be 
modifications of a common prototype. In other instances organs of 
vision are situated in different regions of the body, and it is clear 
that such eyes have been independently evolved in each instance. 

The percipient elements of the eye would invariably appear to be 
cells, one end of each of which is continuous with a nerve, while the 
other terminates in a cuticular structure, or indurated part of the 
cell forming what is known as the rod or cone. 

The presence of such percipient elements in various eyes is there- 
fore no proof of genetic relationship between these eyes, but merely 
of similarity of function. 

Embryological data as to the development of the eye do not exist 
except in the case of the Arthropoda, Mollusca and Chordata. From 
such data as there are, combined with study of the adult structure of 
the eye, it can be shewn that two types of development are found. 
In one of these the percipient elements are formed from the central 
nervous system, in the other from the epidermis. The former may 
be called cerebral eyes. It is probable however that this distinc- 
tion is not, in all cases at any rate, so fundamental as might be 

25—2 
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supiposed; but that in both instances the eye may have taken its 
ori|srin from the epidermis. In the eyes in which the retina is con- 
tinuous with the central nervous system, these two organs were 
probably evolved simultaneously as dififerentiations of the epidermis, 
and continue to develop together in the ontogenetic growth of the 
eye. 

Some of the eyes in which the retina is formed from the epider- 
mis have also probably arisen simultaneously with part of the central 
nervous system, while in other instances they have arisen as later 
formations subsequently to the complete establishment of a central 
nervous system. 

C(Bl6^terata• The actual evolution of the eye is best shewn in 
the Hydrozoa. The simplest types are those found in Oceania and 
Lizzia\ In Lizzia the eye is placed at the base of a tentacle 
and consists of (fig. 276) a lens (/) and a percipient bulb (oc). 

The lens is a simple thickening of the cuticle, 
while the percipient part of the eye is formed 
of three kinds of elements: — (1) pigment cells; 
(2) sense cells, forming the true retinal elements, 
and consisting of a central swelling with the 
nucleus, a peripheral process representing a 
hardly differentiated rod, and a central process 
continuous with (3) ganglion cells at the base of 
the eye. In this eye there is present a com- 
mencing differentiation of a ganglion as well as 
of a retina. 

The eye of Oceania is simpler than that of Lizzia 
in the absence of a lens. Claus has shewn that in 
Chary bclea amongst the Acraspeda a more highly 
differentiated eye is present, with a lens formed of 
cells like the vertebrate eye, 

Mollusca. In a large number of the odon- 
tophorous Mollusca eyes, innervated by the supra- 
oesophageal ganglia, are present on the dorsal 
side of the head. These eyes exhibit very various 
degrees of complexity, but are shewn both by 
their structure and development to be modifications of a common 
prototype. 

The simplest type of eye is that found in the Nautilus, and 
although the possibility of this eye being degenerated must he borne 
in mind, it is at the same time very interesting to note (Hensen) 
that it retains permanently the early embryonic structure of the eyes 
of the other groups. 

It has (fig. 277 A) the form of a vesicle, with a small opening in 
the outer wall, placing the cavity of the vesicle in free communication 

^ O. and B. Hertwig. Dat Nerventyiiem u, Sinnfsorgane d, Meduten. Leipzig, 





Fie. 276. Eye of 
Lizzu Koellikzbi. 
( From Lankester ; after 
Hertwig.) 

L lens; oc. percep- 
tive part of eye. 
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with the exterior. The cells lining the posterior face of the vesicle 
form a retina (iZ); and are continuous with the fibres of the optic 
nerve {N.op). We have no knowledge of the development of this 
eye. 

In the Gasteropods the eye (fig 277 B) has the form of a closed 
vesicle; the cells lining the inner side form the retina, while the outer 
wall of the vesicle constitutes the cornea. A cuticular lens is placed 
in the cavity, on the side adjoining the cornea. This eye originates 
from the ectoderm, within the velar area, and close to the siipra-oeso * 
phageal ganglia, usually at the base of the tentacles. According to 
Rabl (Vol. I. No. 268) it is formed as an invagination, the opening 
of which soon closes; while according to Bobretsky (Vol. I. No. 242; 
and Fol it arises as a thickening of the epiblaat, which becoming 
detached takes the form of a vesicle. It is quite possible that both 
types of development may occur, the second being no doubt abbre- 
viated. The vesicle, however formed, soon acquires a covering of 
pigment, except for a small area of its outer wail, where the lens 
becomes formed as a small body projecting into the lumen of the 
vesicle. . The lens seems to commence as a cuticular deposit, and 
to grow by the addition of concentric layers. The inner wall of the 
vesicle gives rise to the retina. 

The most highly differentiated molluscan eye is that of the 
Dibranchiate Cephalopoda, which is in fact more highly organized 
than any other invertebrate eye. 

A brief description of its adult structure ' will perliap.s render more clear 
niy account of the development. The most impoi-tant features of the eye 
are shewn in fig, 277 C, The outermost layer of the o})tic bulb forms a kind 



Fio. 277. Thukk uiaohammatic hkctions of tiik eyes of Mollusca. 

(After Grenacher.) 

A. Nautilus. B. Gasteropod (Limax or Helix). C. Dibranchiate Cephalopod. 
PaL eyelid; Co. cornea; Co.fp. epithelium of ciliary body; 7r. iris; lut, Inp. 
Tnt*. different parts of the integument; f. lens; iK outer segment of lens; R. retina; 
N.op, optic nerve; Q.op. optic ganglion ; j?. inner layer of" retina; N.S. nervous stratum 
of retina. 


* Vide Hensen, Zeit.f. wm. Zool. Bd. xv. 
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of oapaule, which may be called the sclerotic. Posteriorly the sclerotic abuts 
on the cartilaginous orbit, which encloses the optic ganglion {6. op) ; and 
in front it bt^mes transparent and forms the cornea Co, which nmy be 
either completely closed, or (as represented in the diagram) perforated by 
a larger or smaller opening. Behind the cornea is a chamber known as the 
anterior optic chamber. This chamber is continued back on each side 
round a great part of the circumference of the eye, and separates the 
sclerotic from a layer internal to it. 

In the anterior optic chamber there are placed (1) the anterior part of 
the lens (P) and (2) the folds of the iris (/r). The whole chamber, except 
the part formed by the lens, is lineil by the epidermis {Int 1 and Int 2). 
Bounding the inner side of the anterior optic chamber is a layer which is 
called the choroid {hit 1) which is continued anteriorly into the fold of the 
iris (/r). The most superficial layer of the choroid is the epithelium 
already mentioned, next comes a layer of obliquely placed plates known as 
the argentea externa, then a layer of muscles, and finally the argentea 
interna. The ai^entea interna abuts on a cartilaginous capsule, which 
completely invests the inner pai-t of the eye. 

The lens is a nearly spherical body com|)osed of concentric lamellae of 
a 8tructui*eless material. It is formed of a small outer {P) and large inner 
(/) segment, the two being separated by a thin membrane. It is supported 
by a peculiar projection of the wall of the optic cup, known as the ciliary 
body {Go.ep), inserted at the base of the iris, and mainly formed of a continua- 
tion of the retina. This l>ody is however muscular, and presents a series 
of folds on its outer and inner surfaces, which are especially developed 
on the latter. 

The membrane dividing the lens into two paits is continuous with the 
ciliary body. Within the lens is the inner optic chamber, bounded in front 
by the lens and the ciliary lx)dy, and l>ehind by the retina. 

The retina is formed of two main divisions, an anteiior divi.sion adjoin- 
ing the inner optic chamber, and a |K)sterior division {N.S) adjoining the 
caHilage of the choroid. The two layers are separated by a membrane. 
Passing from within outwaixls the following layers in the retina may be 
distinguished : 


Anterior division of 
retina. 


(1) Homogeneous membrane. | 

(2) Layer of rods. / 

(3) Layer of granules imbedded in pigment, j 

(4) Cellular layer. | 

(5) Connective tissue layer. \ Posterior layer of retina. 

(6) Layer of nerve-fibres. ) 

At the side of the optic ganglion is a f)eculiar body, known as the white 
body (not shewn in the figure), which has the histological characters of 
glandular tissue. 


The first satisfactory account of the development of the eye is 
due to Lankester (No. 365). The more important features in it 
were also independently worked out by Grenacher (No. 363), and 
are beautifully illustrated in Bobretzky’s paper (No. 362). The eye 
first appears as an oval pit of the epiblast, the edge of which is 
formed by a projecting rim (fig. 278 A). The epiblast layer lining 
the floor of the pit soon l>ecomes considerably thickened. By the 
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growth inwards of the rim the mouth of the pit is gradually nar- 
rowed (fig. 278 B), resembling at this stage the eye of Nautilus, 
and finally closed. There 
is thus formed a flattened 
sack, lined by epiblast, which 
may be called the primary 
optic vesicle. Its cavity 
eventually forms the inner 
optic chamber. The an- 
terior wall of the sack is 
lined by a much less colum- 
nar layer than the posterior, 
the former giving rise to the 
epithelium on the inner side 
of the ciliary processes, the 
latter to the retina. 

The cavity of the sack rapidly enlarges, and assumes a spherical 
form. At the same time a layer of mesoblast grows in between the 
walls of the sack and the external epiblast. Two new structures soon 
arise nearly simultaneously (fig. 279), — which become in the adult 



Fio. 278. Two SECTIONS through the wj!.- 
VBLOPINO EYE OF A CePHALOPOD TO SHEW THE 
FORMATION OF THE OPTIC CUP. (After Lankcster.) 



Fig. 279. Transverse section fHRouoH the head of an aovancko 
EMBRYO of Lolioo, (After Bobretzky.) 

0U, salivary gland ; visceq^ ganglion; gc, cerebral ganglion; g,op, optic gan- 
glion; adk, optic cartilage; ak, and %j, lateral cartilage or (?) white body; rt, retina; 
gm, limiting membrane of retina; rl\ ciliary region of eye; cc, iris; ac. auditory 
aaok (the epithelium lining the auditoiy' sacks is not represented); vc, vena cava; 
jf. folds of funnel ; x, epithelium of funnel. 

eye the iris (cc) and the posterior segment of the lens. The iris is 
formed as a circular fold of the skin in front of the optic vesicle. It 
consists both of epiblast and mesoblast, and gives rise to a pit lined 
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by epiblast. The posterior segment of the lens arises as a structureless 
rra*like body, which is shewn in fig. 279 depending from the inner 
side of the anterior wall of the optic vesicle. Its exact mode of origin 
is somewhat obscure. The following is Lankester’s account of it^ 
“It is formed entirely within the primitive optic chamber, and jat first 
depends as a short cylindrical rod from the middle point of the 
anterior wall of that chamber, that is to say, from the point at which 
the chamber finally closed up. It grows subsequently by the depo- 
sition of concentric layers of a horny material round this cone. No 
cells appear to be immediately concerned in affecting the deposition, 
and it must be looked upon as an organic concretion, formed from 
the liquid contained in the primitive optic chamber.” 

The lens would thus appear to be a cuticular structure. It 
gradually assumes a nearly spherical form; and is then composed of 
concentrically arranged layers (fig. 280 hi). 

While the lens is being formed, the ciliary epithelium of the optic 
vesicle becomes divided into two layers, an outer layer of large cells 
and an inner of small cells. Both layers are at first continuous across 
the anterior wall of the optic chamber in front of the lens, but soon 
become confined to the sides (fig. 280 A, cc and gz). The inner layer 
is stated by Lankester to give rise to the muscles present in the 
adult. The mesoblast cells also disappear from the region in front 
of the lens, and the outer epithelium is converted into a kind of 
cuticular membrane. By these changes the original layers of cells 
in front of the lens become reduced to mere membranes, — a change 
which appears to be preparatory to the appearance of the anterior 
segment of the lens. The formation of the latter has not been fully 
followed out by any investigator except Bobretzky. His figures 
would seem to indicate that it is formed as a cuticular deposit in 
front of the membrane already spoken of (fig. 280 B, vl). The two 
segments of the lens appear at any rate to be separated by a mem- 
brane continuous with the ciliary region of the optic vesicle. 

Grenacher believes that the front part of the lens is formed in a pocket- 
like depression of the epiblastic layer covering the outer side of the optic 
cup; and Lankester thinks that the lens pushes its way through the 
m^ian anterior area of the primitive optic chamber, and projects into the 
secofid or anterior optic chamber where the iridian folds lie closely 
upon it.” 

While the lens is attaining its complete development there 
appears a fresh fold round the circumference of the eye, which 
gradually grows inwards so as to form a chamber outside the parts 
already present. This chamber is the ai^erior optic chamber of the 
adult. In most Cephalopods (fig. 277 c) the edges of the fold do not 
quite meet, but leave a larger or smaller aperture leading into the 
chamber containing the iris, outer segment of the lens, etc. In some 
forms however they meet and coalesce, and so shut off this chamber 


' “Devel. of Cephalopoda.** Q. J. Micro. Scien. 1876, p. 44. 
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from communication with the exterior. The edge of the fold consti- 
tutes the cornea while the remainder of it gives rise to the sclerotic. 

The retina is at first a thick layer of numerous rows of oval cells 
(fig. 279). When the inner segment of the lens is far advanced 
towards its complete forma- 
tion pigment becomes de- 
posited in the anterior part 
of the retina, and a layer of 
rods grows out from the sur- 
face turned towards the cavity 
of the optic vesicle (fig. 280 A, 

St). At a slightly later stage 
the retina becomes divided 
into two layers (Bobretzky), a 
thicker anterior layer, and a 
thinner posterior layer (fig. 

280 rt and rf"). The former 
is composed of two stmta, (1) 
the rods and (2) a stratum 
with numerous rows of nuclei 
which becomes in the adult 
the granular layer with its 
pigment. The posterior layer 
gives rise to the cellular part 
of the posterior division of 
the retina, while layers of 
connective tissue around it 
give rise to the connective 
tissue of this portion of the 
retina (layer G in the scheme 
on p. 390). The nervous layer 
is derived from the optic gan- 
glion which attaches itself to 
the inner side of the connec- 
tive tissue layer. 

The greater part of the 
choroid is formed from the 
mesoblast adjoining the re- 
tina, but the epithelium cover- 
ing its outer wall is of epi- 
blastic origin. 

It is difficult to decide from development w^hether the Mollusean 
eyes, so far dealt with, originated in the first instance part passu with 
tne supra-oesophageal ganglia or independently at a later period. On 
purely ctprioiH ground I should be inclined to adopt the former alter- 
native. 

In addition to the above eyes there occur amongst Mollusca highly 
complicated eyes, of a very diffeivnt kind, in two widely sepaiwted groups, 



/\ B. 


Fig. 280 . Sections through the deve- 
loping EYE OF LoUGO at TWO STAGES. (After 
Bobretzky . ) 

hi. inner segment of lens; vl. outer seg- 
ment of lens; a and a', epithelium lining the 
anterior optic chamber; ffz. large epiblast cells 
of ciliary body; cc. small epiblast cells of 
ciliary body; »w». layer of mesoblast between 
the two epiblastic layers of the ciliary body ; 
af. and if. fold of iris; rt. retina; rt". inner 
layer of retina; «f. rods; aq. cartilage of the 
ctkiroid. 
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viz. certain species of a genus of slug (Onchidium), and certain Lamelli- 
branchiata. These eyes, though they have no doubt been evolved indepen- 
dently of each other, present certain remarkable points of agreement. In 
both of them the rods of the retina are turned away from tfie owface^ and 
the nerve-fibres are placed, as in the Vertebrate eye, on the side of ihe retina 
which faces outwards. 

The peculiar eyes of Oncliidium, investigated by Semper*, are scattered 
on the dorsal surface, there being normal eyes in the usual situation on 
the head. The eyes on the dorsal siirface are formed of a cornea, a lens 
composed of 1 — 7 cells, and a retina surrounded by pigment; which is 
perforated in the centre by an optic nerve, the retincd elements being in 
the inverted position above mentioned. 

The development of these eyes has been somewhat imperfectly studied in 
the adult, in which they continue to be formed anew. They arise by a dif- 
ferentiation of the epidermis at the end of a papilla. At first a few glan- 
dular Cells appear in the epidermis in the situation where an eye is about 
to be formed. Then, by a further process of growth, an irregular mass of 
epidermic cells becomes developed, which pushes the glandular cells to one 
side, and constitutes the rudiment of the eye. Tliis mass, becoming sur- 
rounded by pigment, unites with the optic nerve, and its cells then differ- 
entiate themselves, in situ, into the various elements of the eye. No 
explanation is oflfered by Sem|3€r of the inverted position of the rods, nor 
is any suggested by his account of the development. As pointed out by 
Semper these eyes are no doubt modifications of the sensory epithelium 
of the papillie. 

The eyes of Pecten and SjX)ijdylus* are placed on short stalks at the 
edge of the mantle, and are probably modifications of the tentacular pro- 
cesses of the mantle edge. They are provided with a cornea, a cellulai* 
lens, a vitreous chamber, and a retina. The retinal elements are inverted, 
and the optic nerve passes in at the side, but occupies, in reference to its 
ramifications, the same relative situation as the optic nerve in the Verte- 
brate eye. The development has unfoi-tunately not yet been studi(;d. 

Our knowledge of the structure or still more of the development of the 
organ of vision of the Platyelminthes, llotifera, and Echinodermata is too 
scanty to be of any general interest. 

ClUDtopodft* Amongst the Chsetopoda the cephalic eyes of Alcioi>e 
(fig. 281) have been adequately investigated as to their anatomy by Greeft*. 
These are provided with a large cuticular lens (/), separated from the retina 
by a wide cavity containing the vitreous humour. Tlie retina is formed 
of a single row of cells, with rods at their free extremities, continuous at 
their opposite ends with nerve-fibres. The development of this eye has 
not been worked out. Eyes not situated on the head are found in Polyoph- 
thalmus, and have pn>bably been evolved from the more indifferent tyjie 
of sense-organ found by Eisig in the allied Capitellidse. 

Chfl^togllatllE^ The paired cephalic eyes of Bagitta are spherical 
bodies imbedded in the epidermis. They are formed of a central mass 

^ Ueber Selmgane von Typus d, Wirhelthieraugen^ etc,, Wiesbaden, 1877, and 
Archiv f, mikr. Amt, Vol. xiv. pp. 118 — 122. 

* Vide Hensen (No. 364) and B. J. Hickson, “ The Eye of Pecten,” Quart, J, of 
Micf, Science, Vol. xx. 1880. 

* 0. Hertwia. “Die Chietognathen,” Jemmrhe Zeitechrift, Vol. xiv. 1880. 



OM&ANS OF VISION, 


395 


of pigment with ik/me Ibises partially imbedded in it. The outer covering 
of the eye k the retina, which ia mainly composed of rod-bearing cells ; 
the rods being placed in contact with the outer suiface of each of the 
knses. In the presence of three lenses the eye of Sagitta approaches in 
some respects the eye of the Arthropoda. 


Arthropodaa eye. A satisfactory elucidation of the phylogeny 
of Arthropodan eyes has not yet been given. 

All the types of eyes found 
in the group (with exception 
of that of Peripatus)^ present 
marked features of similarity, 
but I am inclined to view this 
similarity as due rather to the 
character of the exoskeleton 
modifying in a more or less 
similar way all the forms of 
visual organs, than to the de- 
scent of all these eyes from a 
common prototype. In none of 
these eyes is there present a 
chamber filled with fluid between 
the lens and the retina, but the 



space in question is filled with 
cells. This character sharply 
distinguishes them from such 
eyes as those of Alciope (fig. 
281). The types of eyes which 
are found in the Arthropoda are 
briefly the following : 


Fig. 281 . Eye of an Alciopid (Neo- 
PHANTA CELOx). (From (jegenbaur; after 
Ureef.) 

t. cuticle ; c. continuation of cuticle in 
front of eye; L lens; h, vitreous humour; 
0 . optic nerve; expansion of the optic 
nerve; 6. layer of rods; p. pigment layer. 


(1) Simple eyes. In all simple eyes the corneal lens is formed 
by a thickening of the cuticle. Such eyes are confined to the Tra- 
cheata. 


There are three types of simple eyes, {a) A type in which 
the retinal cells are placed immediately behind the lens, found 
(Lowne) in the larvai of some Diptera (Eristalis), and also in some 
Chilognatha. 

(6) A type of simple eye found in some Chilopoda, and in some 
Insect larvae (Dytiscus, etc.) (fig. 282), the parts of which are entirely 
derived from the epidermis. There is present a lens (/) formed as a 
thickening of the cuticle, a so-called vitreous humour [gl) formed of 
modified hypodermis cells, and a retina {r) derived from the same 


* The eye of Peripatus is similax neither to the eye of the Arthropoda, nor to that 
of the Oha)topoda, but resembles much more closely the Molluscan eye. The hypo- 
dermis and cuticle form together a highly convex cornea, within whi^ is a large optic 
chamber, the posterior wall of which is formed by the retina. The optic chamber would 
appear to contain a structureless lens, but it is possible that what I regard as a lens 
may, on fuller investigation, turn out to be only a ooagulum. 
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source. The outer ends of the retinal cells terminate in rods, and 
their inner ends are continuous with nerve-fibres. 

(c) A type of simple eye found in the Arachnida, and apparently 
some Chilopoda, and forming the simple eyes of most Insects, which 
differs from type (a) in the cells of the retina forming a distinct 
layer beneath the hypodermis; the latter only obviously giving rise to 
the vitreous humour. 

The development of the simple eyes has not yet been studied. 

The simple eyes so far described are always placed on the head, 
and are usually rather numerous. 

( 2 ) Compound eyes. Compound eyes are almost always present 
in the Crustacea, and are usually found in adult Insects. In both 
groups they are paired, though in the Crustacea a median much sim- 
plified compound eye may either take the place of the paired eyes 
in the Nauplius larva and lower forms, or be present together with 
them during a period in the development of higher forms. 

The typical compound eye is formed (fig. 283) of a series of 
corneal lenses (c) developed from the cuticle; below which are 
placed bodies known as the crystalline cones, one to each comeal 
lens; and below the crystjiJline cones are placed bodies known as the 
retinulae (r) constituting the percipient elements of the eye, each of 
them being formed of an axial r(Kl, the rhabdom, and a number of 
cells surrounding it. 

The crystalline cones are formed from the coalescence of cuticular deposits 

in several cells, the nuclei of which usually 
remain as Seniperia nuclei. These cells 
are probably simple hypodermis cells, but 
in some forms, e, g, Phronima, there may 
be a continuous layer of hypodermis cells 
between them and the cuticle. In various 
Insect eyes the cells which usually give 
rise to a crystalline cone may remain 
distinct, and such eyes have been called 
by Urenacher aconous eyes, while eyes 
with incompletely formed crystalline 
cones are called by him ])seudoconous 
eyes. 

The rhabdom of the 

the crystalline cone, develojxHl by the 
coalescence of a series of parts, which 
are primitively separate rods placed oacli 
in its own cell : this condition of the 
retinulsB is permanently retained in the 

eyes of the Tipulid«e. 

The development of the compound eye has so far only been satis- 
factorily studied in some Crustacea by Bobretzky (No. 367 ); by whom 
it has been worked out in Palaemon and Astacus, but more fully in 
.the latter, to which the following account refers: 



Flu. 282. SsCTiON THBOUOH THR 
SIMPLE ETE OF A YOUNG DyTISCUS 

LABVA. (From Gegenbaur; after 
Grenacher.) 

1. comeal lens; g, vitreous hu- 
mour; r. retina; o. optic nerve ; h. 
hypodermis. 



ORGANS OF VISION. 


397 


The eye of Astacus takes its origin from two distinct parts, (1) the 
external epidermis of the procephalic lobes which will be spoken of 
as the epidermic layer of the eye, (2) 

a portion of the supra-oesophageal c opB A 

ganglia, which will bo spoken of as 

the neural layer of the eye. The 

mesoblast is moreover the source of M 

some of the pigment between the twp r 

above layers. The epidermic layer ||| 

gives rise to the corneal lenses, the m 

crystalline cones, and the pigment HS 

around the latter. The neural layer 

on the other hand seems to give rise Fio. 283. Diagrammatic repre- 
to the retinulae with their rhabdoms, s^ntationb of parts of a compound 

and to the optic ganglion. 


After the separation of the supra- 
oesophageal ganglia from the superficial 
epi blast, the cells of the epulermis in 
the region of the future eye become co- 
lumnar, and so form the above-mentioned 


H. Comeal facets. 

C. Two segments of the eye. 
c. corneal (cuticular) lenses; r. 
retinula3 with rhabdoms; n. optic 
nerve ; g. ganglionic swelling of optic 
nerve. 


epidermic layer of the eye. Tin’s layer 

soon beo< lines two or three cells deep. At the same time the most 
8U[>erficial part of the adjoining supra-cesophageal ganglion becomes par- 
tially constricted off from the remainder as the neural layer of the eye, 
but is separated by a small space from the thickened patch of epidermis. 
Into this space some mesoblast cells penetrate at a slightly later period. 
Both the epidermic and neural layers next become divided into two strata. 
The outer stratum of the epidermic layer gives rise to the crystalline cones 
and Semper’s nuclei; each crystalline cone lieing formed from four coalesced 
rods, develo[)ed as cuticular differentiations of four cells, the nuclei of which 
may be seen in the embryo on its outer side. The lower ends of the cones 
pass through the inner stratum of the epidermic disc, the cells of which 
become pigmented, and constitute the pigment cells surrounding the lower 
jMirt of the crystalline cones in the adult. The outer end of each of the 
crystalline cones is surroundeil by four cells, lielieved by Bobretzky to be 
identical with Seinper’s nuclei ^ These cells give rise in a later stage 
(not worked out in Astacus) to the cuticular corneal lenses. 

Of the two strata of the neural layer the outer is several cells 
deep, while the inner is formed of elongated rod-like cells. Unfortu- 
nately however the fate of the two neural layei*s has not been worked out, 
though there can be but little doubf that the retinulae originate from the 
outer layer. 

The mesoblast which grows in between the neural and epidermic layers 
becomes a pigment layer, and probably also forma the perforated membrane 
lietweon the crystalline cones and the i*etinulaj. 


The above observations of Bobretzky would appear to indicate 
that the paired compound eyes of Crustacea belong to the type of 


^ Thera would appear to be some confusion as to the nomenclature of these purts in 
Bobretzl(>'*s account. 
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cerebral eyes. How far this is also the case with the compound eyes 
of Insects is uncertain, in that it is quite possible that the latter eyes 
may have had an independent origin. 

The relation between the paired and median eye of the Crustacea 
is also uncertain. 


In the genus Euphausia amongst the Schizopods there is present a series 
of eyes placed on the sides of some of the thoracic legs and on the sides of 
the abdomen. The structure of these eyes, though not as yet satisfactorily 
made out, would appear to be very different from that of other Arthropodan 
visual organs. 


The Eye of the Vertebrata. In view of the various structures 
which unite to form it, the eye is undoubtedly the most complicated 
organ of the Vertebrata ; and though its mode of development is 
fairly constant throughout the group, it will be convenient shortly 
to describe w’hat may be regarded as its typical development, and 
then to proceed to a comparative view of the origin of its various 
parts, and to enter into greater detail with reference to some of them. 
At the end of the section there is an account of the accessory struc- 
tures connected with the eye. 

The formation of the eye commences with the apj)earance of a 
pair of hollow outgrowths from the anterior cerebral vesicle or thala- 
mencephalon, which arise in many instances, even before the closure 
of the medullary canal. These outgrowths, known as the optic vesi- 
cles, at first open freely into the cavity of the anterior cerebral 
vesicle. From this they soon however become partially constricted, 
and form vesicles (fig. 284 a), united to the base of the brain by 

comparatively narrow hollow stalks, 



Fio. 284. Section tiieouoh the 

HEAD OF AN EHBBTO TeLEOSTEAN, TO 
SHEW THE FORMATION OF THE OPTIC 

VESICLES, ETC. (From Gegenbaur; 
after Schenk.) 

c. fore-brain; a. optic vesicle ; 6. 
stalk of optic vesicle ; d. epidermis. 


the rudiments of the optic nerves. 
The constriction to which the stalk 
or optic nerve is due takes place ob- 
liquely downwards and backwards, so 
that the optic nerves open into the 
base of the front part of the thala- 
mencephalon (fig. 284 ft). 

After the establishment of the 
optic nerves, there take place (1) the 
formation of the lens, and (2) the 
formation of the optic cup from the 
walls of the primary optic vesicle. 

The external or superficial epiblast 
which covers, and is in most forms in 
immediate contact with, the most pro- 
jecting portion of the optic vesicle, 
becomes thickened. This thickened 


portion is then driven inwards in the form of a shallow open pit 
with thick walls (fig. 285 A, o), carrying before it the front wall (r) 
of the optic vesicle. To such an extent does this involution of the 



ORGANS OF VISION OF THE VERTEBRATA. 


309 


superficial epiblast take place, that the front wall of the optic vesicle 
is pushed close up to the hind wall, 

ana the cavity of the vesicle becomes A. B. 

almost obliterated (fig. 285 B). . 

The bulb of the optic vesicle is / ^ /^-W 

thus converted into a cup with double . 
walls, containing in its cavity the T 

portion of involuted epiblast. This ^ 
cup, in order to distinguish its cavity \ ' 

from that of the original optic vesicle, ^ ' 

is generally called the secondary optic Diaobammatic sections 

vmde. We may, for the sake of jvb. (After Eemak.) 
brevity, sp^k of it as the (^tic cup; in a the thin superficial epiblaet h 
in reality it never is a vesicle, since is seen to be thickened at x, in front of 
it .Iw.™ remain, widely open in 

tronte (Ji its QOUble wails the inner already begun to close in. Accompany- 
or anterior (fig. 285 B, r) is formed ing this involution, which forms the 
from the front portion, the outer or 

A • /I? T» \ ^ Ai 1. • j doubled in, its front portion r being 

posterior (ng. Joo r>, u) trom the hmd pushed against the back portion u, 
portion of the wall of the primary and the original cavity of the vesicle 
optic vesicle. The inner or anterior ‘hn» >reduc^ in The stalk of the 

(r), which very speedily becomes in B the optic vesicle is still further 
thicker than the other, is converted doubled in so as to form a cup with a 

iato the mttaa. in the onto or p«. KtSS miXtSSh 
t^enor (tl), which remains thin, pig* now completely detached from the 
ment is eventually deposited, and it superficial epiblast xh. 
ultimately becomes the tessclated 
pigment-layer of the choroid. 

By the closure of its mouth the pit of the involuted epiblast 
becomes a completely closed sac with thick walls and a small central 
cavity (fig. 285 B, /). At the same time it breaks away from the 
external epiblast, which forms a continuous layer in front of it, all 
traces of the original opening being lost. There is thus left lying in 
the cup of the secondary optic vesicle, an isolated elliptical mass of 
epiblast. This is the rudiment of the lens. The small cavity within 
it speedily becomes still less by the thickening of the walls, especially 
of the hinder one. 

At its first appearance the lens is in immediate contact with the 
anterior wall of the secondary optic vesicle (fig. 285 B). In a short 
time however, the lens is seen to lie in the mouth of the cup (fig. 
288 D), a space (vh) (which is occupied by the vitreous humour) 
making its appearance between the lens and anterior wall of the 
vesicle. 

In order to understand how this space is developed, the position 
of the optic vesicle and the relations of its stalk must be borne in 
mind. 

The vesicle lies at the side of the head, and its stalk is directed 
downwards, inwards and backwards. The stalk in fact slants away 
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from the vesicle. Hence, when the involution of the lens takes place, 
the direction in which the front wall of the vesicle is pushed in is 
not in a line with the axis of the stalk, as for simplicity’s sake has 
been represented in the diagram (fig. 285), but fonns an obtuse angle 
with that axis, after the manner of fig. 286, whore 8* represents the 
cavity of the stalk leading away from the almost obliterated cavity 
of the primary vesicle. 

Fig. 286 represents the early stage at which the lens fills the 
whole cup of the secondary vesicle. The subsequent condition is 
brought about through the rapid growth of the walls of the cup. 

This growth however does not take place 
equally in all parts of the cup. The walls 
of the cup rise up all round except that 
point of the circumference of the cup which 
adjoins the stalk. While elsewhere the walls 
increase rapidly in height, carrying so to 
speak the lens with them, at this spot, which 
ill the natural position of the eye is on its 
under surface, there is no growth ; the wall 
is here imperfect, and a gap is left. Through 
this gap, which afterwards receives the name 
of the choroidal fissure, a way is open 
from the mesoblastic tissue surrounding the 
optic vesicle and stalk into the interior of 
the cavity of the cup. 

From the manner of its formation the 
gap or fissure is evidently in a line with the 
axis of the optic stalk, and in order to be 
seen must be looked for on the under surface 
of the optic vesicle. In this position it is 
readily recognised in the embryo seen as a 
transparent object (fig. llSchs). 

Bearing in mind these relations of the gap to the optic stalk, the 
reader will understand how sections of the optic vesicle at this stage 
present very different appearances according to the plane in which 
the sections are taken. 

When the head is viewed from underneath as a transparent object 
the eye presents very much the appearance representea in the dia- 
gram (fig. 287). 

A section of such an eye taken along the line y, perpendicular to 
the plane of the paper, would give a figure corresponding to that of 
fig. &8 D. The lens, the cavity and double walls of the secondary 
vesicle, the remains of the primaiy cavity, would all be representea 
(the superficial epiblast of the head would also be shewn); but there 
would be nothing seen of either the stalk or the fissure. If on the 
other hand the section were taken in a plane parallel to the plane of 
the paper, at some distance above the level of the stalk, some such 
figure would be obtained as that shewn in fig. 288 E. Here the 



Fio. 286. Diaobammatic 

rw|*¥AW AW flDW WWW AJfl) XHE 
EABLY 

8TA0B. (From LieberkUhn.) 

To shew the lens I occa- 
pying the whole hollow of 
the optic cnp, the iDclination 
of the stalk s to the optic 
cnp, and the continuity of 
the cavity of the stalk s' with 
that of the primaiy vesicle c ; 
r. anterior, u. posterior wall 
of the optic cnp. 
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fissure / is obvious, and the communication of the cavity vh of the 

secondary vesicle with the outside of the eye evident; the section 

of course would not go through the 

superficial epiblast. Lastly, a section, 

taken perpendicular to the plane of the 

paper along the line Zy i.e. through the ^ 

fissure itself, would present the appear- \ / 

ances of fig. 288 F, where the wall of 

the vesicle is entirely wanting in the 

region of the fissure marked by the E — B ^ 

position of the letter f. The ex- r — 

ternal epiblast has been omitted in 
this figure. 

With reference to the above description, ’^\\( \ * 

taken with very slight alterations from the 
,ElenierU8 of Embryology y Pt. I., two points X 

require to be noticed. Firstly it is ex- „ ^ 

tremely doubtful whether the invagination p„^g*"ViLTJON of the 

of the secondary optic vesicle is to be Chick of about the thihd i>at ab 
viewed as an actual mechanical result of been when the head is viewed 


the ingrowth of the lens. Secondly it 
seems probable that the choroid fissure is 
not sim})ly due to an inequality in the 
growth of the walls of the secondary optic 
cup, but is partly due to a doubling up of 
the primary vesicle from the side along the 
line of the fissure, at the same time that 
the lens is being thrust in in front. In 
Mammalia, the doubling up involves the 
optic stalk, which becomes fiattened (where- 
by its oiiginal cavity is oblitemted) and 
then fold^ in on itself, so as to embrace 
a new central cavity continuous with the 
cavity of the vitreous humour. And in 
other forms a partial phenomenon of the 
same kind is usually observable, as is more 
particularly descrilied in the sequel. 

Before describing the development 


FROM UNDERNEATH AS A TRANS- 
PARENT OBJECT, 

1. the lens ; V. the cavity of the 
lens, lying in the hollow of the 
optic cup; r. the anterior, u. the 
posterior wall of the optic cup; c, 
the cavity of the primary optic 
vesicle, now nearly obliterated. By 
inadvertence u has been drawn in 
some places thicker than r, it 
should have been thinner through- 
out. 9, the stalk of the optic cup 
with s' its cavity, at a lower level 
than the cup itself and therefore 
out of focus; the dotted line in* 
dicates the continuity of the cavity 
of the stalk with that of the pri- 
mary vesicle. 

The line z z, through which 
the section shewn in fig. 288 F is 
supposed to be taken, passes 
through the choroidal fissure. 


of the cornea, aqueous humour, etc. we 

may consider the further growth of the parts, whose first develop- 
ment has just been described, commencing with the optic cup. 

During the above changes the mesoblast surrounding the optic 
cup assumes the character of a distinct investment, whereby the out- 
line of the eye-ball is definitely formed. The internal portions of this 
investment, nearest to the retina, become the choroid (t.c. the chorio- 
eapiUariSy and the lamina fusca; the pigment epithelium, as we have 
seen, being derived from the epiblastic optic cup), and ]>igment is 
sub^uently deposited in it. The remaining external portion of the 
investment forms the sclerotic. 


B. E. II. 


26, 
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The complete differentiation of these two coats of the eye does 
not however take place till a late period. 

The cavity of the original optic vesicle was left as a nearly obli- 
terated space between the two walls of the optic cup. By the end of 
the third day the obliteration is complete, and the two walls are in 
immediate contact. 

The inner or anterior wall is, from the first, thicker than the 
outer or posterior ; and over the greater part of the cup this contrast 
increases with the growth of the eye, the anterior wall becoming 
markedly thicker and undergoing changes of which we shall have to 
speak directly (fig. 289). 

In the front portion however, along, so to speak, the lip of the 
cup, anterior to a line which afterwards becomes the ora serrata, 
both layers cease to take part in the increased thickening, accom- 
panied by peculiar histological changes, which the rest of the cup is 
undergoing. Thus a hind portion or true retina is marked off from 
a front portion. 

The front portion, accompanied by the mesoblast which imme- 
diately overlies it, is behind the lens thrown into folds, the ciliary 
ridges; while further forward it 'bends in between the lens and the 
cornea to form the iris. The original wide opening of the optic cup 
is thus narrowed to a smaller orifice, the pupil; and the lens, which 
before lay in the open mouth of the cup, is now inclosed in its cavity. 
While in the hind j)ortion of the cup or retina proper no deposit of 



Fki. 288. 

B. Biagramnuvtic section taken perpendicular to the plane of the paper, along the 
line yy, fig. 287. The stalk is not seen, the section falling quite out of its region. 
vh. boUow of optic cup filled with vitreous humour; other letters as in fig. 285 B. 
(After Bema,k.) 

£. Section taken parallel to the plane of the paper through fig. 287, so far behind 
the firont surface of the eye as to shave off a small portion of the ix>Rterior surface of the 
lens Z, but not so far behind as to be carried at all through the stalk. Letters as 
before; /. the choroidal fissure. 

F. Section along the line zz, perpendicular to the plane of the pai>er, to shew the 
choroidal fissure/, and the continuity of the cavity of the optic stalk with that of die 
primary optic vesicle. Had this section been taken a little to one side of the line rr, 
the wall of the optic cup would have extended up to the lens below as well as above. 
Letters as before. The external epiblast is omitted in this section. 

black pigment takes place in the layer formed out of the inner or 
anterior wall of the vesicle ; in the front portion forming the region 
of the iris, pigment is largely deposited throughout both layers, 
though fiist of all in the outer one, so that eventually this portimi 
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SMms to become uothing more than a forward prolongation of the 
pigment epithelium of the choroid. 

Thu^ while the hind moiety of the optic cup becomes the retina 
proper, including the choroid-pigment in which the rods and cones 



Fio, 289. Section of the eye of Chick at the fovrth day, 
f.p. Ruperficial epiblaHt of the side of the head; R, true retina: anterior wall of the 
optic cup; p.Ch, piginent-epithelium of the choroid: poBterior wall of the optic cup. 
6 is plac^ at the extreme lip of the optic cup at what will become the margin of the 
iris. /. the lens. The hind wall, the nuclei of whose elongated cells are shewn at w/, 
now forms nearly the whole mass of the lens, the front wall being reduced to a layer of 
flattened cells H. m, the mesoblast surrounding the optic cup and about to form the 
choroid and sclerotic. It is seen to pass forward between the Up of the optic cup and 
the sui^rflcial epiblast. 

Filling up a large part of the hollow of the optic cup is seen a hyaline mass, the 
rudiment of the hyaloid membrane, and of the coagulum of the vitreous humour, y* In 
the neighbourhood of the lens it seems to be continuous as at cl with the tissue a, which 
appears to be the rudiment of the capsule of the lens and suspensory ligament. 

are imbedded, the front moiety is converted into the ciliary portion 
of the retina, covering the ciliary processes, and into the uvea of the 
iris ; the bodies of the ciliary processes and the substance of the iris, 
their vessels, muscles, connective tissue and ramified pigment, being 
derived from the mesoblastic choroid. The margin of the pupil marks 
the extreme lip of the optic vesicle, where the outer or posterior wall 
turns round to join the inner or anterior. 

The ciliary muscle and the ligamentum pectinatum are both 
derived from the mesoblast between the cornea and the iris. 

26—2 
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The Betilia« At first the two walls of the optic cup do not greatly 
differ in thickness. On the third day the outer or posterior becomes 
much thinner than the inner or anterior, and by the middle of the 
fourth day is reduced to a single layer of flattened cells (fig. 289 
p.Ch). At about the 80th hour its cells commence to receive a deposit 
of pigment, and eventually fonn the so-called pigmentary epithelium 
of the choroid ; from them no part of the true retina (or no other part 
of the retina, if the pigment-layer in question be supposed to belong 
more truly to the retina than to the choroid) is derived. 

On the fourth day, the inner (anterior) wall of the optic cup 
(fig. 289 JR) has a perfectly uniform structure, being composed of 
elongated somewhat spindle-shaped cells, with distinct nuclei. On its 
external (posterior) surface a distinct cuticular membrane, the mem- 
brana liniitans externa, early appears. 

As the wall increases in thickness, its cells multiply rapidly, so 
that it soon becomes several cells thick : each cell being however 
probably continued through the whole thickness of the layer. The 
wall at this stage corresponds closely in its structure with the brain, 
of which it may properly be looked upon as part. According to the 
usual view, which is not however fully supported by the development, 
the retina becomes divided in the subsequent growth into (1) an outer 
part, corre.sponding morphologically to the epithelial lining of the 
cerebro-spinal canal, composed of what may be called the visual cells 
of the eye, i.e. the cells forming the outer granular (nuclear) layer 
and the rods and cones attached to them; and (2) an inner portion 
consisting of the inner granular (nuclear) layer, the inner molecular 
layer, the ganglionic layer and the layer of nerve-fibres corresponding 
morphologically to the walls of the brain. According to Lowe, how- 
ever, only the outer limbs of the rods and cones, which he holds to 
be metamorphosed cells, corre8jx)nd to the epithelial layer of the 
brain. 

The actual development of the retina is not thoroughly understood. 
According to the usual statements (Kolliker, No. 298, p. 693) the layer «>f 
ganglion cells and the inner molecular layer are first differentiated, 
while the remaining cells give rise to tire rest of the retina profier, and 
are bounded externally by the membrane limitans externa. On the inner 
side of the ganglionic layer the stratum of nerve-fibres is also very early 
established. The rods and cones are formed as prolongations (Kolliker, 
Babuchin), or cuticularizations (Schultze, W. Mailer) of the cells which 
eventually form the outer granular layer. The layer of cells external to 
the molecular layer is not divided till comparatively late into the inner 
and outer granular (nuclear) layers, and the interjxised outer molecular 
layer. 

Lowe’s account of the development of the retina in the Babbit is in many 
points different from the above. He finds that three stages in the differen- 
tiation of the layers of the retina may be distinguished. 

In the first stage, in an embryo of four or five millimetres, the following 
layers are present, commencing at the outer side, adjoining the external 
wall of the secondary optic cup. 
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(1) A. membrane, which does not however, as usually believed, 
become the membrana limitans externa. 

(2) A layer of clear elements, derived from metamorphosed cells, 
constituting the outer limbs of the rods and cones. 

(3) A layer of dark rounded elements. 

(4) An indistinctly striated layer, the future layer of nerve-fibres. 

The third of these layers gives rise to all the eventual strata of the 

retina profier, except the outer limbs of the rods and cones. 

In the next stage, when the embryo has reached a length of 2 cm., this 
layer becomes divided into three strata : viz. an outer and inner layer of 
dark elements and a middle one of clearer elements. The two inner of these 
layers become respectively the inner molecular layer and the layer of gan- 
glion cells, while the outer layer gives rise to the [>arts of the retina external 
to the inner molecular layer. 

In the newly born animal the outer darker layer of the previous stage 
has become considerably Mibdivided. Its outeimost part forms a stratum of 
darkly coloured elements, which develop into the inner limbs of the rods 
and cones. It is bounded internally by a membrane — the true mernbrana 
elastica externa. The part of the layer within this is soon divided into the 
outer and inner granular layers, separated from each other by the delicate 
outer molecular layer. TIius, shortly after birth, all the layers of the retina 
are estaVdished in the Rabbit. It is important to notice that, according to 
Lowe’s views, the outer and inner limbs of the rods and cones are metamor- 
phosed cells. The outer limbs at first form a continuous layer, in which 
separate elements cannot be recognised. 

At a very early period there appears a membi*ane on the side of the 
retina adjoining the vitreous humour. This membrane is the hyaloid mem- 
brane. The investigations of Kessler and myself lead to the conclusion that 
it may bo formed at a time when there is no trace of mesoblastic structures 
in the cavity of the vitreous humour, and that it is therefore necessarily 
developed as a cuticiilar deposit of the cells of the optic cup. Lieberkiihn, 
Arnold, Lliwe, and other authors reganl it howe\er as a mesoblastic 
product; and Kdlliker believes that a primitive membrane is developed 
from the cells of the optic cuji, and that a true hyaloid membrane is deve- 
loped much later as a product of the mesoblast. 

For fuller information on this subject the reader is referred to the 
authors quoted above. 

The optic nerve. The optic nerves are derived, as we have said, 
from the at first hollow stalks of the optic vesicles. Their cavities 
gradually become obliterated by a thickening of the walls, the 
obliteration proceeding from the retinal end inwards towards the 
brain. While the proximal ends of the optic stalks are still hollow 
the rudiments of the optic chiasma are formed from fibres at the roots 
of the stalks, the fibres of the one stalk growing over into the 
attachment of the other. The decussation of the fibres would 
appear to be complete. The fibres arise in the remainder of the 
nerves somewhat later. At first the optic nerve is equally con- 
tinuous with both walls of the optic cup; as must of necessity be 
the case, since the interval which primarily exists between the two 
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walls is continuous with the cavity of the stalk. When the cavity 
within the optic nerve vanishes, and the fibres of the optic nerve 
appear, all connection is ruptured between the outer wall ot the 
optic cup and the optic nerve, and the optic nerve simply perforates 
the outer wall, and becomes continuous with the inner one. 

There does not appear to me any ground for doubting (as has been 
done by His and Kolliker) that the fibres of the optic nerve are 
derived from a differentiation of the epithelial cells of which the 
nerve is at first formed. 

Choroid Fissure. With reference to the choroid fissure we may 
state that its behaviour varies somewhat in the different types. It 
becomes for the greater part of its extent closed, though its proximal 
end is always peife^rated by the optic nerve, and in many forms by a 
mesoblastic process also. 

The lens when first formed is an oval vesicle with a small central 
cavity, the front and hind walls being of nearly equal thickness, 
and each consisting of a single layer of elongated columnar cells. In 
the subsequent stages the mode of giowth of the hind wall is of 
precisely an opposite character to tluit of the front wall. The hind 
wall becomes much thicker, and tends to obliterate the central cavity 
by becoming convex on its front surface. At the same time its cells, 
still remaining as a single layer, become elongated and fibre-like. 
The front wall on the contrary becomes thinner and thinner and its 
cells flattened. 

These modes of growth continue until, as shewn in fig. 289, the 
hind wall I is in absolute contact with the front wall el, and the 
cavity thus becomes entirely obliterated. The cells of the hind wall 
have by this time become veritable fibres, which, when seen in section, 
appear to be arranged nearly parallel to the optic axis, their nuclei 
nl being seen in a row along their middle. The frfmt wall, somewdiat 
thickened at either side where it l)ecomes continuous with the hind 
wall, is now a single layer of flattened cells separating the hind wall 
of the lens, or as we may now say the lens itself, from the front limb 
of the lens-capsule ; of the latter it becomes the epithelium. 

The subsequent changes undergone consist chi<"fly in the con- 
tinued elongation and multiplication of the lens-tibres, with the 
partial disappearance of their nuclei. 

During their multiplication they become arranged in the manner 
characteristic of the adult lens of the various forms. The lens-capsule, 
as was originallv stated by Kolliker, appears to be formed as a cuticu- 
lar membmne deposited by the epithelial cells of the lens. 

The views of lieberkiihn,’ Arnold, Lowe and others, according to 
which the lens-capsule is a mesoblastic structute, do not af>pear to be well 
founded. The contrary view, held by Kolliker, Kessler, etc., is supported 
mainly by the fact that at the time when the lens-capsiile first appears 
there are no mesoblast cells to give rise to it. It should however be stated 
that W. Mailer has actually found cellular elements in what he believes to 
be the lens-capsule of the Ammocoete lens. Ck)nsidering the degraded 
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character of the Ammoccete eye, evidence derived from its structure must 
be accepted with caution. 

The vitreoxm humour. The vitreous humour is derived (except 
in Cyclostomata) from a vascular ingrowth, which differs considerably 
in different types, through the choroid slit. Its real nature is very 
much disputed According to Kesslers view, it is of the nature of a 
fluid transudation, but the occasional presence in it of ordinary em- 
bryonic mesoblast cells, in a(lditii)n to more numerous blood-corpus- 
cles, gives it a claim to be regarded as intercellular substance. The 
number of cells in it is however at best extremely small and in many 
cases there is no trace of them. In Mammals there appear to be some 
mesoblast cells invaginated with the lens, wliich are not improbably 
employed in the formation of the vessels of the so-called membrana 
capsulo-pupillaris. In the Ammocoete the vitreous humour originates 
from a distinct mesoblastic ingrowth, though the cells which give 
rise to it subsequently disappear. 

The development of tlie zonula of Ziiin in Mammalia, which ought to 
throw some light on the nature of the vitreous humour, has not been fully 
investigated. According to Lieberkiihn (No. 373 , p. 43), this structure 
appears in half-gi'own embryos of the shee]> and calf. 

He says At the point whore the ciliary processes and the ciliary 
part of the retina are entirely remov(*d, one sees in the meridian bundles 
of fine fibres, which correspond to the valleys between the ciliary prc»- 
cesses and fill them ; also l»etween these bundles there extend, as a thin 
layer, similar finely striated masses, and these would have been on the 
top of the ciliary processes.” He further states that these fibres may be 
traced to the anterior and postenor limb of the lens-capsule, and that 
amongst them are numei\)us cells. Kolliker confirms Lieberkuhn’s state- 
njeiiK Then^ can be little doubt that the fibres of the zonula are of the 
nature of connective tissue : they are stated to be elastic. By Ixiw'e they 
are believed to be developed out of the substance of the vitreous humour, 
but this does not appear to me to follow fiom the observations hitheiio 
made. It seems quite possible that they arise from mesoblast cells which 
have grown into tlie cavity of tlie vitreous liumour, solely in connection 
with their pr(»duction. 

The integral parts of the eye iu front of the lens are the cornea, 
the aqueous humour, and the iris. The development of the latter 
has already been described, and there remain to be dealt with the 
cornea, and the cavity containing the aqueous humour. 

The cornea. The cornea IS formed by the coalescence of two 
structures, viz. the epithelium of the cornea and the cornea proper. 
The former is directly derived from the external epiblast, whicli 
covers the eye after the invagination of the lens. The latter is formed 
in a somewhat remarkable manner, first clearly made out by Kess- 
ler. 

When the lens is completely separated from the epidermis its outer 
wall is directly in contact with the external epiblast (future comeal 
epithelium). At its edge there is a small ring-shaped space bounded 
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by the outer skin, the lens and the edge of the optic cup. In the 
chick, which we may take as typical, there appears at about the time 
when the cavity of the lens is completely obliterated a structureless 
layer external to the above ring-like space and immediately adjoining 
the inner face of the epiblast. This layer, which forms the com- 
mencement of the cornea proper, at first only forms a ring at the 
border of the lens, thickest at its outer edge, and gradually thinning 
oflF to nothing towards the centre. It soon however becomes broader, 
and finally forms a continuous stratum of considerable thickness, 
interposed between the external skin and the lens. As soon as this 
stratum has reached a certain thickness, a layer of flattened cells 
grows in along its inner side from the mesoblast surrounding the 
optic cup (fig. 290, dm). This layer is the epithelioid layer of the 



Fio. 290. Section through the eye of a Fowl on the ek.hth day or uevelof- 
MENT, to shew THE IRIS AND CORNEA IN THE PROCESS OF FORMATION. (After KeSsler.) 

ep, epiblastic epithelium of cornea; cc. comeal corpuscles growiiiK into the 8truc> 
turdeM matrix of the cornea; dm. Descemet’s membrane; ir. iris; cb. mesoblast of 
the iris (this reference letter points a little too high). 

The space between the layers dm. and ep. is filled with the structureless matrix of 
the cornea. 

membrnne of Descemet. After it* has become completely esta- 
blished, the mesoblast around the edge of the cornea becomes divided 
into two strata; an inner one (fig. 290 cb) destined to form the 
mesoblastic tissue of the iris already described, and an outer one 
(fig. 290 cc) adjoining the epidermis. The outer stratum gives rise to 
the conieal corpuscles, which are the only constituents of the coniea 
not yet developed. The corneal corpuscles make their way through the 
structureless comeal layer, and divide it into two strata, one adjoining 
the epiblast, and the other adjoining the inner epithelium. Tne two 
strata become gradually thinner as the corpuscles invade a larger 
and larger portion of their substance, and finally the outermost portion 
of them alone remains as the membrana elastica anterior and pos- 
terior (Descemet's membrane) of the cornea. The corneal corpuscles, 
which have grown in from the sides, thus form a layer which becomes 
continually thicker, and gives rise to the main substance of the cornea. 

^ It appears to me poesible that Lieberktthn may be right in etating the 
^theliom of Descemet^s membrane grows in between the lens and the epiblast before 
tM fornmtion of the cornea proper, and that Kessler’s account, given a^ve, may on 
this point require correction. From the strueture of the eye in the AmnKNMste it 
seems probable that Deseemet’s membrane is continuous with the choroid. 
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Whether the increase in the thickness of the layer is due to the 
immigmtion of fresh corpuscles, or to the division of those already 
there, is not clear. After the cellular elements have made their way 
into the cornea, the latter becomes continuous at its edge with the 
mesoblast which forms the sclerotic. 

The derivation of the original stmctureless layer of the cornea is still 
unceHain. Kessler derives it from the epiblast, but it api)ears to me more 
probable that Kblliker is light in regarding it as derived from che meso- 
blast. The grounds for this view are, (1) the fact of its growth inwards 
from the border of the mesoblast round the edge of the eye, (2) the peculiar 
relations between it and the corneal corpuscles at a later period. This 
view would receive still further support if a layer of mesoblast between 
the lens and the epiblast were really present as believed by Lieberkuhn. 
It must however be admitted tliat the objections to Kessler’s view of its 
epiblastic nature are ratlier a priori than founded on definite observation. 

The observations of Kessler, which have been mainly followed in the 
above account, are strongly opposed by Lieberkiilm (No. 374) and Arnold 
(No. 370), and are not entirely accepted by Kolliker. It is es|>ecially on 
the development of these parts in Mammalia (to be spoken of in the 
seipiel) that the above authors found their objections. I have had thiough 
Kessler’s kindness an opportunity of looking through some of his beautiful 
preparations, and have no hesitation in generally accepting his conclusions, 
though as mentioned above I cannot agree with all his interpretations. 

The aqueous humour. The cavity for the aqueous humour has 
its origin in the ring-shaped space round the front of the lens, 
which, as already mentione<l, is bounded by the external skin, the 
€<lge of the optic cup, and the lens. By the formation of the cornea 
this .space is shut off from the external skin, and on the appearance 
of the epitheliind layer of Deseeinet s membrane a continuous cavity 
is developed between the cornea and the lens. This cavity enlarges 
and receives its final form 011 the full development of the iris. 

Comparative view of the development of the Vertebrate Eye. 

The organ of vision, when not secondarily aborted, contains in all 
Vertebrata the essential part.s above de.scribed. The most interesting cases 
of partial degeneration are those of Myxiue and tln^ Ammoccete. The 
development of such aborted eyes has as yet l>een studied only in the 
Ammoccete ^ in which it resembles in most iiiii^rtant features that of 
other Vertebrata. 

Eyo of AmmOCOStoS. The optic vesicle arises as an outgrowth of the 
fore-brain, but tlie st'condary optic cup is remarkable in the young larva for 
its small size (fig. 29 1 opt^). The thicker outer wall gives rise to the retina, 
and the thinner inner waU to the choroid pigment. The lens is formed 
as an invagination of the single-layeml epidermis (fig. 291 1). As develop 
ment proceeds the jmrts of the eye gi adually enlarge, and the mesoblast 
around tlie hinder and dorsal pai-t «»f the <»ptic cup becomes pigmented. 
There is at first no cavity for the viti-eous humour, but eventually the 

* The mo^t detailed account is that of \V. Muller (No. 377). 
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growth of the optic cup gives rise to a space, into which a cellular pi^ocess 
of mesoblast grows at a slight notch in the ventral edge of the optic cup 
(W. Muller, No. 377 ), This notch is the only rudiment of the choroid 

fissure of other types. The mesoblastic 



Fig. ‘i;)!. Hosizontai. section 

THBOUOH THE HEAD OF A JC8T 
HATCHED LARVA OP PeTROMTZON 
SHEWING THE DEVELOPMENT OF THE 


process is probably the homologue of the 
processus falciformis and pecten, and ap- 
pears to give rise to the vitreous humour; 
for a long time it retains its connection 
with the surrounding mesoblast. Its cells 
eventually disappear, and it never contains 
any vascular structures. 

The lens for a long time remains ns 
an oval vesicle with a central cavity. In 
a later stage, when the Ammoccete is fully 
developed, the secondary optic cup forms 
a deep pit (fig. 292 r) ; in the mouth of 
which is placed the lens (/). The two 
walls of the retina have now the normal 
vertebrate structure, though the pigment 
is as yet im|)erfectly present in the cho- 
roid layer. The lens has the embryonic 
forms of higher types (cf. fig. 289), con- 
sisting of an inner thicker segment, the 


LENS OF THE EYE. 


true lens, and an outer layer forming the 


th.c. ^alamencephalon ; op.r. epithelium of the lens capsule. The edge 

optic cup, which forms the rudi- 
I caM y. ment of the epiblast of the iris, is imper- 

fectly separated from the remainder of 
the optic cup ; and a mesoblastic element of the iris, distinct from Desce- 
raet's membrane {dm), can hardly be spoken of. 

There is no cavity for the aqueous humour in front of the lens ; and 
there is no cornea as distinct from the epidermis and subepidermic tissues. 
The elements in front of the lens are ( 1 ) the epidermis (ep ) ; ( 2 ) the dermis 
{dc ) ; (3) the subdermal connective tissue {sdc) which passes without any 
sharp line of demarcation into the dermis; (4) a thick membrane, con- 
tinuous with the mesoblastic part of the choroid, which ajipears to represent 
Descemet’s membrane. The subdermal connective tissue is continued as 


an investment round the whole eye ; and there is no differentiated 8 clei*otic 
and only an imperfect choroid. 


In a still later stage a distinct mesoblastic element for the iris is 
formed When the Ammoccete is becoming a I.amprey, the eye approaches 
the surface; an anterior chamber is established; and the eye differs 
from that of the higher tyi>e 8 mainly in the fact that the cornea is hardly 
distin^ished from the remainder of the skin, and that a sclerotic is very 
imperfectly represented. 

Optic vesicles. The development of the primitive optic vesicles, so 
far as is known, is very constant throughout the Vcrt(jbrata. In Teleostei 
and Lepidosteus alone is there an important deviation from the ordinary 
type, dependent however upon the mode of formation of the medullary 
keel, the optic vesicles arising while the medullary keel is still solid, and 
being at fii-st also solid. They subsequently acquire a lumen and undergo 
the ordinary changes. 
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T1i 6 Ions* In the majority of gronpfi, viz. Elaemobranchii, Beptilia, 
AveH, and Mammalia, the lens ia 
formed by an open invagination of 
the epiblast, but in Amphibia, Te- 
leostei and Lepidosteiis, where the 
nervous layer of the skin is early 
estabUsbed, this layer alone takes 
part in the formation of the lens 
(tig. 293 1), The lens is however 
formed even in tliese types as a 
hollow body by an invagination; 
but its opening remains perma- 
nently shut oil from communica- 
tion with the exterior by the epi- 
dermic layer of the epiblast. Giitte 
describes the lens as formed by a 
solid thickening of the nervous 
layer in Bombinator. This is pro- 
bahiy a mistake. 

The cornea. The mode of 

formation of the cornea already de- 
scribed appears to be characteristic 
of most Vertebrata except the Ain- 
luocoete. It ha.H been found by 
Kessler ki Avo'^, Reptilin and 
Amphibia, and proi»ably also occurs 
in Pisces. In Mumrnals it is not 
however so easy to establish. There 
are at first no luesoblast cells be- 
tween the lens and the epiblast (tig. 

295) but in many Mammals {mle Kessler, No. 372 , p]>. 91 — 94) a layer 
of rounded inesobhist cell.’^, which forms Desceinet’s membrane, grows in 
lietween ilie two, at a time when it is not easy to recognise a comeal 
lamina, as distinct from a simple coaguluiu. 

After the tormation of this layer the mesoblast cells grow into the 
corneal lamina from the sides, and becoming flattened arrange themselves 
ill rows l)etween the himime of the cornea. The cornea continues to increase 
in thickness by the addition of lamina' on the side adjoining the epiblast. 

We have already seen that in the Lamprey the cornea is nothing else 
but the slightly modifled and more transparent epidermis and dermis. 

The optic nerve and the choroid fissure, it will be convenient to 

conshler together the above structures, and with them the vascular and 
other processes which pass into the cavity of the optic cup through the 
choroid fis 8 uw\ These [>arts present on tlie whole a greater amount of 
variation than any other parts of the eye. 

I commence with the Fowl wdiich is both a very convenient general 
tyjie for com{>arison, and also that in which these structures have been 
most fully worked out. 

During the third day of incubation there [msses in through the choroid 
slit a vascular loop, which no doubt supplies the transuded material for 
the growth of the vitreous humour. ITp to the fifth day this I’ascular 



Fig. 292. Eye of an Ammoccetes lying 

BENEATH THE SKIN. 

ep. epidermis ; d.c. dermal connective 
tissue continuous with the sub-dermal con- 
nective tissue which is also shaded. 

There is no detinite boundary to this tissue 
where it surrounds the eye. 

wi. muscles; dm. membrane of Descemet; 
/. lens; x\h. vitreous humour; r. retina; 
rp, retinal pigment. 
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loop is the only structure passing through the choroid slit. On this day 
ho#ever a new structure appears, which remains permanently through life, 
and is known as the pec ten. It consists of a lamellar process of the 
niesoblast cells round the eye, passing through the choroid slit near the 
optic nerve, and enveloping part of the afferent branch of the vascular loop 
above mentioned. Tiie proximal part of the free edge of the pecten is 
somewhat swollen, and sections through this part have a club-shaped form. 
On the sixth day the choroid slit becomes rapidly closed, so that at the 
end of the sixth day it is reduced to a mere seam. There are however 
two parts of this seam where the etlges of the optic cup have not coalesced. 
The proximal of these adjoins the optic nerve, and permits the jmssage 
of the pecten and at a later period of the optic nerve ; and the second or 
distal one is placed near the ciliary edge of the slit, and is travei*8ed by 
the efferent branch of the above-men tione<l vascular loop. This vessel soon 
atrophies, and with it the distal opening in the choroid slit completely 
vanishes. In some varieties of domestic Fowl (Liel>erkiihu) the o|iening 
however persists. The seam which marks the original site of the choroid 
slit is at first conspicuous by the absence of pigment, and at a later peiiod 
by the deep (xdour of its pigment. Finally, a little after the ninth day, no 
trace of it is to be seen. 

Up to the eighth day the pecten remains as a simple lamina; by 
the tenth or twelfth day it begins to be folded or mther puckered, and 

by the seventeenth or eighteenth 
day it is richly pigmented and 
thejmckerings have become nearly 
as numeix>uH as in the adult, there 
being in all seventeen or eighteen. 
The jHJCten is almost entii’ely com- 
posed of vascular coils, which are 
suj)ported by a sparse pigmented 
connective tissue ; and in the adult 
the pecten is still extremely 
vascular. The original artery 
which became envelo{>ed at the 
formation of the pecten continues, 
when the latter iKscomes vascular, 
to supply it with blood. The 
vein is practically a fresh de- 
velopment afU?r tlie atrophy of 
the distal portion of the piimitive 
Fio. 298. Sbctiun tbbouoh the froxt vascular loop of the vitreous 

PABT OF THE HEAD OF A LePIDOSTEUH EHBUYO humOUr. 



OE THE SEVENTH DAY AFTBBiupREONATioa. ^Pticie are HO inie retiual 

al. ^imentaiy tract; fb. thulamenoeplia- blood-vesselK. 

Ion; I, lens of eye; oa.r. optic vesicle. The au r i.- c i.* 

mesoblast is not represented. formation of the 0])tic 

cup the extreme pt ripheral jiart of 
the optic nerve, which is in immediate pniximity with the artery of the 
pecten, bjMx>me8 folded. The permanent opening in the choroid fissure for 
the pecten is intimately related to the entrance of the optic nerve into the 
eyeball ; the fibres of the optic nerve passing in at the inner border of the 
pecten, coursing along its sides to its outer torder, and ludiating from it as 
from a centre to all parts of the retina. 


al. alimentary tract; fb. thalamencepha* 
Ion ; I, lens of eye ; op.v. optic vesicle. The 
mesoblast is not represented. 
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In the Lizard the choroid slit closes considerably earlier than in the 
FowL The vascular loop in the vitreous humour is however more de- 
veloped. Tlie pecten long remains without vessels, and does not in fact 
become at all vascular till after the very late disappearance of the distal 
part of the vascular loop of the vitreous humour. 

The arrangement of the ingrowth through the choroid slit in Elasmo- 
branchii (Scy Ilium) has been partially worked out, and so far as is at present 
known the agreement between the Avian and Elasmobranch type is fairly 
close. 

At the time when the cavity between the lens and the secondary optic 
cup is just commencing to be formed, a process of mesoblast accompanied 
by a vascular loop passes into the vitreous humour, through the choroid 
slit, close to the oj>tic nerve. The vessel in this process is no doubt 
equivalent to the vascular loop in the Avian eye, but 1 have not made 
out that it projects beyond the mesoblastic process accompanying it As 
the cavity of the vitt*eous humour enlarges and the choroid slit elongates, 
the process through it takes the form of a lamina with a somewhat swollen 
boi-der, and projects for some distance into the cavity of the vitreous 
humour. 

At a later stage, after the outer layer of the optic cup has become pig- 
mented, the distal part of the choroid slit adjoining the border of the lens 
closes up ; but along the line where it was present the walls of the optic 
cup remain very thin and are thrown into three folds, two lateral and 
one median, projecting into the cavity of the vitreous humour. The 
median fold is in contact with the lens, and the vascular mesoblast sur- 
rounding the eye projects into the space between the two lamime of 
which it is formed. In p^issing from the region of the lens to that of the 
optic nerve the lateral folds of the optic cup disappear, and the median 
fold forms a considemble projection into the cavity of the vitreous humour. 
It consists of a core of mesoblast covered by a delicate layer derived from 
both strata of the optic cup. Still nearer the optic nerve the choroid slit 
is no longer closed, and the mesoblast, which in the neighbourhood of the 
lens only extended into the fuhls of the wall of the optic cup, now pro- 
jects freely into the cavity of the vitreous humour, and forms the lamina 
already described. It is not very vascular, but close to the optic nerve 
there passes into it a considerable artery. 

In the young animal the choroid slit is no longer perforated by a meso- 
blastic lamina. At its inner end it remains open to allow of the passage 
of the optic nerve. The line of the slit can easily be traced along the 
lower side of the retina ; and close to the lens the retinal wall continues, 
as in the embryo, to he raised into a projecting fold. Traces of these 
structures are visilde even in the fully grown examples of Scyllium. 

As has been pointed out by Bergraeister the mesoblastic lamina pro- 
jecting into the vitreous humour resembles the pecten at an early stage of 
development, and is without doubt homologous with it. The artery whidli 
supplies it is certainly equivalent to the artery of the pecten. 

There can be no doubt that the mesoblastic lamina projecting into the 
vitreous humour is equivalent to the processus falciformis of Teleostei, and 
it seems probable that the whole of it, including the free part as well 
as that covered by epiblast, ought to be spoken of under this title. I^e 
optic nerve in Elasmobranchii is not included in the folding to which 
^apth weside owes its origin, and would *imm .to 
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tile endb of tiie optic imp only at the distal end of the processus falci* 

formis. 

In Teleostei there is at first a vascular loop like that iu Birds, 
passing through the choroid fi8sui*e. This has been noticed by Kessler iu 
the Pike, and by Schenk iu the Trout At a later period a mesoblastic 
ingrowth with a blood-vessel makes its way in many forms into the cavity 
of the vitreous humour, accompanied by two folds in the walls of the free 
edges of the choroid fissure (fig. 294). These structures, which con^titute 

the processus falciformis, clearly resemble very 
closely the mesoblastic process and folds of the 
optic cup in Elasmobranchii. The processus fal- 
ciformis comes in contact with, and i)erhap8 be- 
comes attached to the wall of the lens; and 
persists through life. 

In Triton there is no vascular ingrowth 
through the choroid fissure, but a few meso- 
blastic cells pass in which represent the vascular 
ingi'owth of other types. The o])tic nen'e per- 
forates the proximal extremity of the original 
choroid slit. 

The absence of an embryonic blood-vessel 
does not however hold good for all Amphibia, 
as there is pre.sent iu the embryo Alytes (Lieber- 
kilbii) an arteiy, which breaks up into a capillary 
system on the retinal border of the vitreous 
humour. 

In the Ammocmte the choroid slit is raei'ely 
represented by a slight notch on the ventral 
edge of the optic cup, and the mesoblastic process which passes through 
the choroid slit in most types is represented by a large cellular process, 
from which the vitreous humour would ap|ieaf to be deiived. 

Mammalia differ from all the types already descnbed in the immense 
foetal development of the blood-vessels of the vitreous humour. There are 
however some points in connection with the development of these vessels 
which are still uncertain. The most important of these points concerns 
the presence of a prolongation of the mesoblast around the eye into the 
cavity of the vitreous humour. It is maintained by Lieberkuhn, Arnold, 
Kolliker, etc., that in the invagination of the (ens a thin layer of mesoblast 
is carried before it ; and is thus transpoi*ted into the cavity of the vitreous 
humour. This is denied by Kessler, but the layer is so clearly figured by 
the above embryologists, that the existence of it iu some Mammalia (the 
Rabbit, etc.) must I think be accepted. 

In the folding in of the optic vesicle, which accompanies the formation 
of the lens^ the optic nerve becomes included, and on the development of 
the cavity of the vitivtous humour an artery, running in the fold of the 
optic nerve, passes through the choixiid slit into the cavity of the vitreous 
humour (fig. 295 ocr). The sides of the optic nerve subsequently bend 
over, and completely envelope this artery, which at a later period gives off 
branches to the retina, and becomes known as the arteria centralis 
retinae. It is homologous with the arterial limb of the vascular loop 
projecting into the vitreous humour in Birds, Lizards, Teleostei, etc. 

Before liecoming enveloped in the optic nerve this artery is continued 
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processus falciformis ; u. cho- 
roid layer of optic cup; b, 
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throng the vitraoiu htunour (fig. 296), and when it comes m close 

rt 



Fia. 295. Section thbouoh the eye or ▲ Babbit kmbbvo of about twelve bavb. 

e. epithelium of cornea ; L lens ; mee, mesoblaBt growing in from the side to form 
the cornea; rf. retina; a.c.r, arteria centralis retime; of,iu optic nerve. 

The figure shews (1) the absence at this stage of mosoblast between the lens and 
the epiblast: the interval between the two has however been made too great; (2) the 
arteria centralis retins forming the vascular capsule of the lens and continuous with 
vascular structures round the edges of the optic cup. 


proximity to the lens it divides into a number of radiating branches, which 
|iass round the edge of the lens, and form a vascular sheath which is 
prolonged so as to cover the anterior wall of the lens. In front of the 
lens they anastomose with vessels, coming from tlie iris, many of which 
are venous (fig. 295) — and the whole of the blood from the arteria ceutialis 
is carried away by these veins. The vascular sheath suri-ounding the lens 
receives the name of the membrana capsulo-pupillaris. The posterior 
part of it appears (Kessler, No. 372 ) to be formed of vessels without the 
addition of any other structures, and is either formed simply by branches 
of the arteria centralis, or out of the mesoblast cells involuted with the 
lens. The anterior part of the vascular sheath is however inclosed in a 
very delicate membrane, the membrana pupillaris, continuous at the sides 
with the epithelium of Descemet’s'^iiiembi'ane. On the foimation of the 
iris this membrane lies superficially to it, and forms a kind of continuation 
of the mesoblast of the iids over the front of the lens. 

The origin of this membrane is much disputed. By Kessler, whose 
statements have been in the main followed, it is believed to appear com- 
paratively late as an ingrowth of the stroma of the iris ; while Kolliker 
believes it to be derived from a mesoblastic ingrowth between the front 
wall of the lens and the epiblast. According to Kolliker this ingrowth 
subsequently becomes split into two laminw, one of which forms the cornea. 
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and tbe other the anterior part of the vascular sheath of the lens with its 
membrana pupillaris. Between the two ap|)eai '8 the aqueous humour. 

The membrana capsulo-pupillaris is simply a provisional embryonic 
structure, subserving the nutrition of . the lens. The time of its dis- 
appearance varies somewhat for the different Mammalia in which this 
point has been investigated. In the human embryo it lasts from the 
second to the seventh month and sometimes longer. As a rule it is com- 
pletely absorbed at the time of birth. The absorption of the anterior part 
commences in tbe centre and proceeds outwards. 

In addition to the vessels of the vascular capsule round the lens, there 
arise fi-om the arteria centi*alis retinie, just after its exit from the optic 
nerve, in many fonns (Dog, Cat, Calf, Slieep, Babbit, Man) provisional 
vascular blanches which extend themselves in the posterior part of the 
vitreous humour. Near the ciliary end of the vitreous humour they 
anastomose with the vessels of the membrana capsulo-pupillaris. 

In Mammals tbe choroid slit closes very early, and is not perforated 
by any structure homologous with the pecten. The only part of the slit 
which remains open is that perforated by the optic neiwe ; and in the centre 
of the latter is situated tlie arteria centralis retinae as explained above. 
From this artery there grow” out the vessels to supply the retina, which 
have however nothing to do with the provisional vessels of the vitreous 
humour just described (Kessler). On the ati'ophy of the provisional 
vessels the whole of the blood of the arteria centralis passes into the 
retina. 

It is interesting to notice (Kessler, N<>. 372 , p. 78) that there seems to be 
a blood- vc^el supplying the vitreous humour in the embryos of nearly all 
vertebrate types, which is homologous thi*oughout the Vertebrata. This 
vessel often exhibits a |»er 8 isting and a provisional part. Tlie latter in 
Mammalia is the membrana capsulo-pupillaris and other vessels of the 
vitreous humour; i:i Birds and Lizards it is the jiait of the original 
vascular loop, not included in the pecten, and in Osseous Fishes that 
part (?) not involved in the processus falcifonnis. The )>ermanent part 
is formed by the retinal vessels of Mammalia, by the vessels of the pecten 
in Birds and Lizards, and by those of the processus falciformis in Fishes. 

The Iris and Ciliary processes, wails of the edge of the 
optic cup become very much thinner than those of the true retinal part. 
In many Vertebrates (Mammalia, Aves, Reptilia, Elasmobranchii, etc.) 
the thinner part, together with the mesoblaKt covering it, becomes divided 
into two regions, viz. that of the iris, and that of the ciliary processes. 
In the Newt and Lamprey this differentiation does not take place, but the 
part in question simply becomes the iris. 

Accessory Organs connected with the Eye, 

Eyelids* The most imiiortarit accessory structures connected with 
the eye are the eyelids. They are developed as simple folds of the integu- 
ment with a mesoblastic prolongation between their two laminie. They 
may be three in number, viz. an tipper and lower, and a lateral one — ^the 
nictitating membrane-- springing fit>m the inner or anterior border of the 
^e. Their inner face is lined by a prolongation of conjunctiva, whidh is 
ihemdiSed *q^last covering the cornea and |»art of the hclerotic. 
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In. Teleo^tei and Ganoidei eyelids are either not firesent or at most 
very rudimentaiy. In Elasiuobranchii they are better developed, and the 
nictitating membrane is freque^ly prenent. The latter is ali»o usually 
found in Amphibia. In the ^itiropsida all three eyelids are usually 
present, but iu Mammalia the nictitating membrane is rudimentary. 

In many Mammalia the two eyelids meet together during a period of 
embryonic life, and unite in front of the eye. A similar arrangement 
is permanent through life in Ophidia and some Lacertilia ; and there is a 
chamber formed between the coalesced eyelids and the surface of the 
cornea, into which the lacrymal ducts open. 

Iiacrymal glands* Lacrymal glands are found in the Sauropsida 
and Mammalia. They arise (Remak, Kblliker) as solid ingrowth of 
the conjunctival epithelium. They apj^ear in the chick on the eighth day. 

Lacrymal duct* lacrymal duct first apfiears in Amphibia, and 
is present in all the higher Vertebrates. Its mode of development in the 
Amphibia, Lacertilia and Aves has recently been very thoroughly worked 
out by Bom (Nos. 380 and 381). 

In Amphibia he finds that the lacrymal duct arises as a solid ridge of 
the mucous layer of the epidermis, continued from the external opening 
of the nasal cavity backwards towards the eye. It usually appears at 
about the time when the nasal ca^isule is beginning to l>e chondrified. As 
this ridge is gradually prolonged backwards towaids the eye its anterior 
end V)ecome8 separated from the epidermis, and grows inwards in the 
mesoblast to become continuous with the posterior j»art of the nasal sack. 
The posterior end which joins the eye becomes divided into the two col- 
lecting branches of the adult. Finally the whole structure becf>mes sepa- 
rated from the skin except at the external oj)ening, and develops a lumen. 

In Lacertilia the lacrymal duct arises very much in the same manuer 
as in Amphibia, though its subsequent growth is somewhat different. It 
appears as an internal ridge of the epithelium, at the junction of the 
supenor maxillary process and the fold which gives rise to the lower 
eyelid. A solid process of this ridge makes its way through the mesoblast 
on the upper bo^er of the maxillary process till it meets the wall of the 
nasal cavity, with the ejuthelium of which it becomes continuous. At a 
subsequent stage a second solid gix)wth from the upper part of the 
epithelial ridge makes its w^ay through the lower eyelid, and unites with 
the inner epithelium of the eyelid; and at a still later date a third 
growth from the lower part of the structure forms a second junction with 
the epithelium of the eyelid. The two latter outgrowths form the two 
upper branches of the duct. The ridge now loses its connection with 
the external skin, and, becoming hollow, foims the lacrymal duct. It 
opens at two points on the inner surface of the eyelid, and terminates at 
its opposite extremity by opening into the nasal cavity. It is remarkable, 
as pointed out by Born, that the original epithelial ridge gives rise directly 
to a comparatively small i>art of the w'hole duct 

In the Fowl the laciymal duct is formed as a solid ridge of the epidermis, 
extending along the line of the so-called lacrymal groove fi'om the eye to 
the nwl pit (fig. 120 ). At the end of the sixth day it begins to be 
separated from the epidermis, remaining how^ever unit^ with it on the 
inner side of the lower eyelid. After its separation from the epidermis 
it forms a solid oord, the lower end of which unites with the wall of the 
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nasal cavity. The cord so formed gives rise to the whole of the duct 
proper and to the lower branch of the collecting tube. The u|ij)er branch 
of the collecting tube is formed as an outgrowth from this cord. A lumen 
begins to be formed on the twelfth day of incubation, and first apjiears at 
the nasal end. It aiises by the formation of a space between the cells of 
'the cord, and not by an absorption of the centml cella 

In Mammalia Kolliker states that he has been unable to observe any- 
thing similar to that desciibed by Born in the Sauropsida and Amphibia, 
and holds to the old view, originally put forward by Coste, that the duct is 
formed by the closure of a groove leading from the eye to the nose between 
the outer nasal process and the superior maxillary proceas. The up|»er 
extremity of the duct dilates to foim a sack, from which two branches 
)»ass off to open on the lacrymal papillae. In view of Born’s discoveries 
Kdlliker’s statements must be roceivetl with some caution. 


The Eye of the Tunicotu. 

The unpaired eye of the larva of simple Ascidians is situated some- 
what to the right side of the posterior part of the dorsal wall of the 
anterior cephalic vesicle (tig. 296, 0). It consists of a refractive portion, 
turned towards the cavity of the vesicle of tlio brain, and a retinal por- 
tion forming part of the wall of the brain. The refractive parts consist 
of a convex-concave meniscus in front, and a s])herical lens behind, 
adjoining the concave side of the meniscus. The posterior part of 
tills lens is imbedded in a layer of pigment. The retina is formed 
of columnar cells, witli their inner ends imbedded in the pigment 


Ji* 0 



Fio. 296. Labva or Akciuu mentdla. (From Gegenbaur; after Kupffer.) 

Only the anterior part of the tail is represented, 
jy’, anterior swelling of nenrsl tube; A', anterior swelling of spinal portion of 
neural tube; n. hinder part of neural tube; eh, notochord; K, branchial region of 
alimentary tract; d, cesophageal and gastric region of alimentary tract; O, 6>6; 
a. otolith; o, month; $. papilla for attachment. 

which encloses the posterior part of the lens. The retinal part of 
the eye arises in the first instance as a prominence of the wall of 
the cerebral vesicle: its cells become very columnar and pigmented 
at their inner extremities (fig. 8 V, a). The lens is developed at ft 
Iftter period, after the larva has become hatched, but the mode of its 
formation has not been made out. 
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General considerations on the Eye of the Chordata. 

There can be but little doubt that the eye of the Tunicata belongs to 
the same phylum as that of the true Vertebrata, different as the two eyes 
are. The same may also be said with reference to the degenerate and very 
rudimentary eye of Ampldoxus. 

The peculiarity of the eye of all the Chordata consists in the retina 
being developed from part of the wall of the brain. How is this remark- 
able feature of the eye of the Chordata to be explained ] 

Lankester, interpreting the eye iu the light of the Tunicata, has made 
the interesting suggestion^ “ that the original Vertebrate must have been a 
transparent animal, and had an eye or pair of eyes inside the brain, like 
that of the Ascidian Tad[)ole.’* 

This explanation may ]>ossibly be correct, but another explanation 
apj)ear8 to me possible, and I am inclined to think that the vertebrate 
eyes liave nob been derived from eyes like those of Ascidians, but that the 
latter is a degenerate form of vertebrate eye. 

The fact of the retina being derived from the fore-brain may perhaps 
bo explained in the same w'ay as has already l)een attempted in the case 
of the retina of the Crustacea; i.e, by supposing that the eye was evolved 
simultaneously with the fore part of the brain. 

The peculiar processes which occur in the formation of the optic vesicle 
are more difficult t > elucidate ; and I can only suggest that the development 
of a primary optic vesicle, and its couvei'sion into an optic cup, is due to 
the retinal part of the e>e having been involved in the infolding which 
gave rise to the canal of the central nervous system. The position of the 
rods and cones on the posterior side of the retina is satisfactorily explained 
by this hy[)othesis, because, as may be easily seen from figure 285, the 
jxmterior tace of the retina is the original external surface of the epidermis, 
which is infolded in the formation of the brain ; so that the rods and cones 
are, as might be anticipated, situattnl on what is morpliologically the ex- 
ternal surface of the epiblast of the retina. 

The difficulty of tliis view arises in atteinpting to make out how the 
eye can have continued to be employed during the gradual change of 
position which the retina must have undergone in being infolded with the 
brain in the manner suggested. If however the successive steps in this 
infolding were sufficiently small, it seems to me not im}X)ssible that the eye 
might have continued to be used throughout the whole period of change, 
and a transparency of the tissues, such as Lankester suggests, may have 
assisted in rendering this possible. 

The difficulty of the eye continuing to be in use when undergoing 
striking changes in form is also inV'olved in Laiikester’s view, in that 
if, as I suppose, he starts from the eye of the Ascidian Tadpole with its 
lenses turned towards the cavity of the brain ; it is necessary for him to 
admit that a fi*e8h Jens and other optical parts of the eye be^me developed 
on the opposite side of the eye to the original lens ; and it is difficult to 
understand such a change, unless we can believe that the refractive media 
on the two sides were in opei'ation simultaneously. It may be noted that 
the same difficulty is involved in supposing, as I have done, that the eye 
of the Ascidian Tadpole was developed fi*om that of a V ertebrate. I should 

^ Detfeneruthm, London, 1880, p. 49. 
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however be inclined to suggest that the eye had in this case ceased for a 
period to be employed ; and that it has been re-developed again in some 
of the larval forms. Its charactera in the Tunicata are by no means 
constant. 


Accessory eyes in, the Vertehrata, 

In addition to the paired eyes of the Vertebrata certain organs are 
found in the skin of a few Teleohtei living in very deep water, which, though 
clearly not organs of true vision, yet present chai*acters which indicate 
that they may be used in the i)erception of light The most iin])ortant of 
such organs are those found in Chauliodus, Stomias, etc., the signiOcance 
of which was first pointed out by Leuckait, while the details of their 
structure have been recently worked out by Leydig* and Ussow. They 
are distributed not only in the skin, but are also pi'esent in the mouth and 
respiratory cavity, a fact which ap[)ears to indicate tliat their main function 
must be something else than the j)erception of light. It has been suggested 
that they have the function of producing phosphorescence. 

Another organ, piobably of the same nature, is found on tlie head of 
Scopelus. 

The organs in Chauliodus are spheiical or nearly spherical bodies in- 
vested in a special tunic. The larger of them, which alone can have any 
relation to vision, are covered with pigment except on their outer surface. 
The interior is filled with two masses, named by Leuckart the lens and 
vitreous humour. According to Leydig each of them is cellular and 
receives a nerve, the ultimate destination of which has not however been 
made out. According to Us.sow the anterior mass is structui*ele.ss, but 
serves to sitpport a lens, placed in the centre of the eye, and formed of a 
series of crystalline cones prolonged into fibres, which in the posterior part 
of the eye diverge and terminate by uniting with the processes of multipolar 
cells, placed near the pigmented sheath. Tliese cells, together with the 
fibres of the crystalline cones which pass to them, are held by Ussow to 
constitute a retina. 


Eye of the MoUusca. 

( 361 ) N. Bobretzky. Observations on the development of the Cephalopoda** 
(Bussian). Nachrichten d, hiuerlichen Gesell, d. Freunde der Saturivm. Anthropolog, 
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^ F. L^dig. ** Ueber Nebenaugen d. Chauliodus Sloani.*’ Arehiv /. AmU und 
Phyi,, 1879. M. Ussow. ** Ueb. d. Baa d. augenahnlichen Flicken einiger Knooh^* 
fiswe.** Bui, d, la Soc, d, Naturaliites de Moecou, VoL liv. 1879. Vide for general 
defkuiption and further literature, Otinther, The Study of Fieheg, Edinburgh, 1880. 
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AUDITORY ORGAN, OLFACTORY ORGAN AND SENSE 
ORGANS OF THE LATERAL LINE. 


Auditory Organs. 

A GREAT variety of organ.s, very widely distributed amongst 
aquatic forms, and lUso found, though less universally, in land forms, 
are usually classed together as auditory organs. 

In the case of all aquatic forms, or of forms which have directly 
inherited their auditory organs from aquatic forms, these organs are 
built upon a common type ; although in the majority of instances the 
auditory organs of the several groups have no genetic relations. All 
the organs have their origin in specialized portions of the epidermis. 
Some of the cells of a special region become provided at their free 
extremities with peculiar hairs, known as auditory hairs; while in oth(T 
cells concretions, known as otoliths, are formed, which appear often to 
be sufficiently free to be acted upon by vibrations of the suiTounding 
medium, and to be so placed as to be able in their turn to transmit 
their vibrations to the cells with auditory hair8\ The auditory 
regions of the epidermis are usually shut off from the surface in 
special sacks. 

The actual function of these organs is no doubt correctly described, 
in the majority of instances, as being auditory; but it appears to 
me very possible that in some cases their function may be to enable 
the animds provided with them to detect the presence of other animals 
in their neighbourhood, through the undulatory movements in the 
water, caused by the swimming of the latter. 

Auditory organs with the above characters, sometimes freely open 
to the external medium, but more often closed, are found in various 
Coelenterata, Vermes and Crustacea, and universally or all but univer- 
sally in the Mollusca and Vertebrata. 

^ The function of the otoliths is not always clear. There is evidence to shew that 
th^ sometimes act as dampers. 
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In many terrestrial Insects a different type of auditory organ has 
been met with, consisting of a portion of the integument modified to 
form a tympanum or drum, and supported at its edge by a chitinous 
ring. The vibrations set up in the membranous tympanum stimulate 
terminal nerve organs at the ends of chitinous processes, placed in a 
cavity bounded externally by the tympanic membrane. 

The tympanum of Amphibia and Amniota is an accessory organ 
added, in terrestrial Vertebrata, to an organ of hearing primitively 
adapted to an aquatic mode of life; and it is interesting to notice the 
presence of a more or less similar membrane in the two great groups 
of terrestrial forms, f.e, terrestrial Vertebrata and Insecta. 

Nothing is known with reference to the mode of development or 
evolution of the tympanic type of auditory organ found in Insects, 
and, except in the case of Vertebrates, but little is known with 
reference to the development of what may be called the vesicular 
type of auditory organ found in aquatic forms. Some very interesting 
fa(!ts with refer»*nce to the evolution of such organs have however 
been brought to light by the brothers Hertwig in their investigations 
on the tJmlenterata; and I propose to commence my account of the 
deveh»pment of the auditory organs in the animal kingdom by a short 
statement of the results of their researches. 

Coslenterata. Three distinct types of auditory organ have been 
recognised in the Medusae; two of them resulting from the differentia- 
tion of a tentacle-like organ, and one from ectodeim cells on the under 
surface of the velum. We may commence with the latter as the 
simplest. It is found in the Medu.««a3 known as the Vesiculata. 1 he 
least differentiated form 


of this organ, so fju* dis- 
covered, is present in Mi- 
trotroclia, Tiaropsis an*! 
other genera. It has the 
form of an open pit; and 
a series of such organs 
are situated along the at- 
tached edge of the velum 
with their apertures di- 
rected downwards. The 
majority of the cells lin- 
ing the outer, i.e. peri- 
pheral side of the pit, con- 
tain an otolith, while a 
row of the cells on the 
inner, i,e, central side, are 
modiiied as auditory cells. 
The auditory cells arc 
somewhat strap-shaped, 
their inner ends being 
continuous with the fibres 



Fiu. 2^7. Aivnonx vkbicle of Phialidium after 

TREATMENT WITH DILl'TE 08MIC ACT1>. (KlOm LftU- 

kester ; after 0. aud B. Heitwig.) 

fP. epithelium of the upper surface of the velum; 
d*. epithelium of the under eurface of the velum; r. 
circular canal at the edge of the velum; nr', upper 
nerve-ling; h, auditoiy cells; hh. auditory hairs; 
np. nervous cushion formed of a prolon^tion of the 
iower nerve-ring. Close to the nerve-ring is seen a 
cell, shewn as black, containing an otolith. 
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of the lower nerve-ring, and their free ends being provided with bent 
anditory hairs, which lie in contact with the convex surfaces of the 
cells containing the otoliths. 

By the conversion of such open pits into closed sacks a more 
complicated type of auditory organ, which is present in many of the 
Vesiculata, viz. ^quorea, Octorchis, Phialidium, &c., is produced. A 
closed vesicle of this type is shewn in fig. 297. Such organs form 
projections on the upper surface of the velum. They are covered by 
a layer of the epithelium (d*) of the upper surface of the velum, but 
the lining of the vesicle (d^) is derived from what was originally part 
of the epithelium of the lower surface of the velum, homologous with 
that lining the open pits in the type already described. The general 
arrangement of the cells lining such vesicles is the same as that of 
the cells lining the open pits. 

A second type of auditory organ, found in the Trachy medusae, ap- 
pears ill its simplest condition as a modified tentacle. It is formed 

of a basal portion, covered 
by auditory cells with 
long stiflF auditory hairs, 
supporting at its apex a 
club-shaped body, attach- 
ed to it by a delicate 
stalk. An endodermal 
axis i.s continued through 
the whole stnicture, and 
in one or more of the 
endoderm cells of the 
club-8ha[)ed body otoliths 

Fio. 298 . Auditoby oiuun of RaopAiiOKKMA. nlw'ays present The 

(From liBnkeater; after O.and II. Hertwig.) tails of the auditory cells 

The organ consistii of a modified tentacle (hk) are directly continued in- 
’ concretions partially en- ^ nerve-riug. 

In more complicated 

forms of this oigan the tentacle becomes enclosed in a kind of cup, 
by a wall-like upgrowth of the surrounding parts (fig. 298); and in 
some forms, e.ff, Geiyonia, by the closure of the cup, the whole structure 
takes the form of a completely closed vesicle, in the cavity of which 
the original tentacle forms an otolith-bearing projection. 

The auditory organs found in the Acraspedote Medusa) approach 
in many respects to the type of organ found in the TrachymediissB. 
They consist of tentacular organs placed in grooves on the under 
surface of the disc. They have a swollen extremity, and are provided 
with an endodermal axis for half the length of which there is a 
diverticulum of the gastro-vascular canal system. The terminal por- 
tion of the endoderm is solid, and contains calcareous concretions. 
The ectodermal cells at the base of these organs have the form of 
auditory cells. 

Mollusca. Auditory vesicles are found in almost all Molluscs on 
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the ventral side of the body in close juxtaposition to the pedal 
ganglia. Except possibly in some Cephalopods, these vesicles are closed. 
They are provided with free otoliths, supported by the cilia of the 
walls of the sack, but in addition some of the cells of the sack are 
provided with stiff auditory hairs. 

In many forms these sacks have been observed to originate by 
an invagination of the epiblast of the foot {Paludina, Nassa, Hetero- 
poda, LimaXy GliOy Cephalopoda and Lamellibranchiata). In other 
instances (some Pteropods, Lymnseus, &c.) they appear, by a secondary 
modification in the development, to originate by a differentiation of a 
solid mass of epiblast. 

According to Fol the otocysts in Gasteropoda are fonned by cells 
of the wall of the auditory sacks; and the same appears to hold good 
for Cephalopoda (Grenadier)* shewing that free otoliths have in 
these instances originated from otoliths originally placed in cells. 

Crustacea. In the deCiipodous Crustacea organs, which have been 
experimentally proved to he true organs of hearing, are usually present on 
the basal joint of the anterior antennaB. They may have (Hensen, No. 384) 
the form either of closed or of ojien sacks, lined by an invagination of 
the epidermis. They ai-e provided with ehitinous auditory hairs and free 
otoliths. In the case of the oinm sacks the otoliths appear to be simply 
stones traiis})orted into the interior of the sacks-, but in the closed sacks 
the otoliths, though free, are no doubt develo|)ed within the sacks. 

The Schizopods, which, as mentioned in the last cha[)ter, are remark- 
able as coutaiiiing a genus (Euphausia) with abnormally situated eyes, 
distinguish themselves again with reference to their auditory organs, 
ill that another genus (Mysis) is characterized by the presence of a pair 
of auditory sacks in the inner plates of the taiL These sacks have 
curved auditory haira sup[>orting an otolith at their extremity. 

The development of the auditory organs in the Crustacea has not been 
investigated 

The Vertebrata* The Cephalochorda are without organs of hear- 
ing, and the auditory oigan of the Urochorda is constructed on a special 
type of its own. Tlie primitive auditory organs of the true Vertebrata 
have the same fundamental characters as those of the majority of 
a<}uatic invertebrate forms. They consist of a vesicle, formed by the 
invagination of a patch of epiblast, and usually shut off from the 
exterior, but occasionally (Elasmobranchii) remaining open. The 
walls of this vesicle are always much complicated and otoliths of 
various forms are present in its cavity. To this vesicle accessory 
structures, derived from the walls of the hyomandibular cleft, are 
added in the majority of terrestrial Vertebrata. 

The development of the true auditory vesicle will be considered 
separately from that of the accessory structures derived from the 
hyomandibular cleft. 

* For the somewhat oomplioated details as to the development of the auditory sacks 
of Cephalopods I most refer the reader to Vol. i., pp. 280, 281, and to Grenaeher 
(Vd. I., Ko. aSo). 
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lo all Vertebfata the development of the auditory vesicle com- 
inencea with the formation of a thickened patch of epiblast, at the 

side of the hind-brain, on the level of 
the second visceral cleft This patch 
soon becomes invaginated in the form 
of a pit (fig. 299 aMjo), to the inner side 
of which the ganglion of the auditory 
nerve (citin), which as shewn in a pre- 
vious chapter is primitively a branch of 
the seventh nerve, closely applies itself. 

In those Vertebrata (viz. Teleostei, Le- 
pidosteiis and Amphibia) in which the 
epiblast is early divided into a nervous 
and epidermic stratum, the auditory pit 
arises as an invagination of the nervous 
stratum only, and the mouth of tlie auditory 
pit is always closed (tig. 300) by the epi- 
dermic stratum of the skin. Since the 
opening of the pit is retained through life 
in Elasmobi-ancbii the closed form of pit 
in the above forms is clearly secondary. 

In Teleostcn the auditory pit arises as 
a solid invagination of the epiblast. 

The mouth of the auditory vesicle 
gradually narrows, and in most forms 
soon becomes closed, though in Klasino- 
liraiichii it remains permanently open. 
In any case thc3 vesicle is gradually 
removed from the smface, remaining 
connecte<l with it by an elongated duct, either opening on the dorsal 
aspect of the head (Elasmobraiichii), or ending blindly close beneath 
the skin. 

In all Vertebrata the auditory ve.«icle undergoes further changes 

of a complicated kind. In the 
Cyclostomata these changes 
are less complicated than in 
other forms, though whether 
this is due to degeneration, or 
to the retention of a primitive 
state of the auditory organ, is 
not known. In the Lamprey 
the auditory vesicle is formed 
in the usual way by an in- 
vagination of the epiblast, 
which soon becomes vesicular, 
and for a considerable period 
retains a simple character. As 
pointed out by Max Scliultxe, 


Fio. 299. Section thkouoh 

THE BEAD OF AN ElASMOBRANCH 
ESCBBTO, AT THE LEVEL OF THE 
AUDITORY INVOLUTION, 

aup. auditory pit; aun. gan- 
glion of auditoiy iienre; /V.r. roof 
of fourth ventricle; o.c.r. anterior 
cardinal vein; an. aorta; l.ai, 
aortic trunk of mandibular arch ; 
pp, head cavity of mandibular 
arch ; hr., alimentary pouch which 
will form the firat visceral cleft ; 
Th, rudiment of thyroid body. 



Fio. 800. 


Bbction tubouou the head of 


n A a to/ « 


aa.u. auditory vesicle; au.n. auditory 
nerve; eh, notochord; hy, hypoblaat. 
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a uuutl>er of otolitlis appears in the vesicle during larval life, and, 
although such otoliths axe stated by J. Muller to be absent both in 


zv 



301. SiiC’TioN TiinoroH thk hini>-bkain of a Chk'k at thk exi> of the 

Till HD DAY OF INCVliATION. 

IV. fourth ventricle. The eection shews the \ery thin roof and thicker sides of 
the ventricle. Ch. notochord ; CV. anterior cardinal vein ; CC. involuted auditoiy 
vesiclo fCC points to the end which will form the cochlear canal) ; JiL. recessus 
labyrinthi (remains of passage connecting the vesicle with the exterior) ; fty. hypoblast 
lining the alimenta.v canal ; ^O., .40..4. aorta, and aortic arch. 


the full-grown Ammocoite and in the adult, they have since been 
found by Ketel (No. 387 ). The formation of the two semicircular 
canals has not been investigated. 

In all the higher Vertebrates the changes of the auditory sacks 
are more complicated. The ventral end of the sack is produced into 
a short process (fig. 301, CC) ; while at the dorsal end there is the 
canal-like prolongation of the lumen of the sack derived from 

the duct which primitively opened to the exterior, and which in most 
cases persists as a blind diverticulum of the auditory sack, known as the 
recessus labyrinthi or aqueductus vestibuli. The parts thus 
indicated give rise to the whole of the membranous labyrinth of the 
ear. 'I'he main body of the vesicle becomes the vitriculus and semi- 
circular canals, while tlie ventral process forms the sacculus hemi- 
8 {>hericuB and cochlear canal. 

The growth of these parts has been most fully studied in Mam- 
malia, where they reach their greatest complexity, and it will be 
convenient to describe their development in this group, pointing out 
how they present, during some of the stages in their growth, a form 
pennanenUy retained in lower types. 

The auditory vesicle in Mammalia is at first nearly spherical, and 
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is imbedded in the mesoblast at the side of the hind-brain. It sewn 
becomes triangular in section, with the apex of the triangle pointing in- 
wards and downwards. This apex gradtially elongates to form the rudi- 
ment of the cochlear caual and sacculus hemisphericus (fig. 302, 00). 
At the same time the recessus labyrinthi {R.L) becomes distinctly 
marked, and the outer wall of the main body of the vesicle grows out 
into; two protuberances, which form the rudiments of the vertical 
semicircular canals In the lower forms (fig. 305) the cochlear 

process of the vestibule hardly reaches a higher stage of development 
than that found at this stage in Mammalia. 

The parts of the auditory labyrinth thus established soon increase 
in distinctness (fig. 303); the cochlear canal {CO) becomes longer and 
curved; its inner and concave surface being lined by a thick layer of 
columnar epi blast. The recessus labyrinthi also increases in length, 
and just below the point where the bulgings to form the vertical 
semicircular canals are situated, there is formed a fresh protuberance 
for the horizontal semicircular canal. At the same time the central 



Flo. 302. Tban8?S]i»e kection or the urai> or a eiktal Bheep (16 mm. in 

LENGTH) IN THE BROION OF THE BIND-BIIAIN. (After Bdttober.) 

IJB. the hind-bratn. 

The seeiion it eomewbat oblique, hence while on the right eide the conneotione of 
the recefMiiui veeUbnli and of the conunencing vertical eemicircnlar canal F.F., 
and of the dnetna oochlearU C6'., with the cavity of the primal^ otic veeiele are eeen : 
on the left mde, only the extreme end of the dacttiH cochlearia CC\ and of the semi* 
ctrcnlar canal V.B, are shewn. 

Lying close to the inner side of the otic vesicle is seen the cochlear mnglion 06 * ; 
on the left side the anditory nerve Q and its connection S with the hind-braui are also 
shewn. 

Below the otic vesicle on eitlier side lies the jagnlar vein. 
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parts of the walls of the flat bolgings of the vertical canals grow 
together, obliterating this part of the lumen, but leaving a canal 
round the periphery; and, on the absorption of their central parts, 
each of the original simple bulgings of the wall of the vesicle be- 
comes converted into a true semicircular canal, opening at its two 
extremities into the auditory vesicle. The vertical canals are first 
established and then the horizontal canal. 

Shortly after the formation of the rudiment of the horizontal semi- 
circular canal a slight protuberance becomes apparent on the inner 



Flo. 803. Skction of the hfap of a fcetal Sheep 20 mm. in length. 

(After Bottcher.) 

JR.r. rece88U8lab}Tinthi; T^/^ vertical semicircular canal; HB. horizontal semi- 
circuit canal; C,C. cochlear canal; G. cochlear ganglion. 

commencement of the cochlear canal. A constriction arises on ewh 
side of the protuberance, converting it into a prominent ^misphe- 
rical projection, the sacculus hemisphericus (fig. 304, S.ii). 

Tne constrictions are so deep that the sacculus is only connected 
with the cochlear canal on the one hand, and with the general ^vity 
of the auditory vesicle on the other, by, in each case, a narrow though 
short canal. 

The former of these canals (fig. 304, h) is known as the cwalis 
reuniens. At this stage we may call the remaining cavity of the 
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original otic vesicle, into which all the above parts open, the utri- 
culua 

Soon after the formation of the sacculus hemisphericus, the coch- 
lear canal and the semicircular canals become invested with cartilage. 
The recessus labyrinthi remains however still enclosed in undifferen- 
tiated mesoblast. 

llUtween the cartilage and the parts which it surrounds there 
remains a certain amount of indifferent connective tissue, which 
is more abundant around the cochlear canal than around the semi- 
circular canals. 

As soon as they have acquired a distinct connective-tissue coal, 
the semicircular canals begin to be dilated at one of their termina- 
tions to form the ampulla*. At about the same time a constriction 
appears opposite the mouth of the recessus labyrinthi. which causes 
its opening to be divided into tw'o branches — one towards the utriculus 
and the other towards the sficculus hemisphericus ; and the relations 
of the parts become so altered that communication between the sac- 
culus and utriculus can only tiike place through the mouth of the 
recessus labyrinthi (tig. 305). 

When the cochlear canal has come to consist of two and a half 
coils, the thickened epithelium which lines the lower surface of the 
canal forms a double ridge from which the organ of Corti is subse- 
quently developed. Alnive the ridge there apj)ears a delicate cuticu- 
lar membrane, the membrane of Corti or membrana tectoria. 

The epithelial wa’ls of the utricle, tlie receshus labyrinthi, the 
semicircular canals, and the cochlear canal constitute together the 
higldy complicated product of the original auditt)ry vesicle. The 
whide structure forms a closed cavity, the various jmrts of which are 
in free communication. In the adult the fluid present in this cavity 
is known as the endolymph. 

Ill the mesoblast lying between these parts and the cartilage, 
which at this period envelopes them, lymphatic spaces become esta- 
blished, which are partially developed in the Sauropsida, but l>ecome 
in Mammals very important structures. 

They consist in Mammals partly of a space surrounding the 
utricle and semicircular canals, and partly of two very definite 
channels, which largely embrace between them the cochlear canal. 
The latter channels form the scala vestihuli on tlie upper side of 
the cochlear canal and the scala tyinpani on the lower. The 
scala vestihuli is in free communication with the lymphatic cavity 
surrounding the vestibule, and opens at the apex of the cochlea 
into the scaisL tympaui The latter ends blindly at the fenestra 
rotunda. 

The fluid contained in the two scalas, and in the remaining lym- 
phatic cavities of the auditory labyrinth, is known as perilymph. 

The cavities just spoken of are formed by an absorption of parts 
of the embryonic mucous tissue between the perichondrium ana the 
walls of the membranous labyrinth. 
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The scala vestibuli is formed 1[>efor6 the scala tympani, and both 
flcalsB begin to be developed at the basal end of the cochlea: the 
cavity of each is continually being carried forwards towards the 
apex of the cochlear canal by a progressive absorption of the meso- 
blast« At first both scalse are somewhat narrow, but they soon 
increase in size and distinctness. 
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FlO. 804. SxCTION THROrOH THR INTEBSAL RAR OF AN EMBBTONIC ShEEP 
28 MK. IN I.KNOTH. (After Bdttoher.) 

D.M. dura mater; Jl.r. reoeBsus lahyrinthi; H.V.Ii. posterior vertical semicircidar 
canal; V, ntricnlns; H.B. borizontai semicircular canal ; 5. canalis reuuiens; a. 
constriction by means of which the saecnlus hemispherious S.Jt. is formed; /. 
narrowed opening between saccultis bemisphericus and ntriculas; C.C. cochlea; 
C.C, lumen of cochlea; AT. A', cartilaginous capsule of cochlea; K,B. basilar plate; 
CA. notochord. 

The cochlear canal, which is often known as the scala media of the 
cochlea, becomes compressed on the formation of the scalse so as to 
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be triangular in section, with tlie base of the triangle outwards. 
This base is only separated from the surrounding cartilage by a 
narrow strip of firm mesoblast, which becomes the stria vascularis, etc. 
At the angle opposite the base the canal is joined to the cartilage by 
a narrow isthmus of firm material, which contains nerves and vessels. 
This isthmus subsequently forms the lamina spiralis, separating 
the ecala vestibuli from the soala tympani. 

The scala vestibuli lies on the upper border of the coclilear canal, 
and is separated from it by a very thin layer of mesoblast, bordered 
on the cochlear aspect by flat epiblast cells. 'I'his membrane is called 
the membrane of Reissue r. The scala tympani is separated from 
the cochlear canal by a thicker sheet of mesoblast, called the basilar 
membrane, which supports the organ of Corti and the epithelium 
adjoining it. The upper extremity of the cochlear ciiual ends in a 
blind extremity called the cupola, to which the two seal® do not for 
some time extend. This condition is j)erma!ient in Birds, where the 
cupola is represented by a structure known as the lagena (fig. 305, 
II. L). Subsequently the two scalse join at the extremity of the 
cochlear canal; the point of the cupola still however remains in 
contact with the bone, which has now replaced the cartilage, but at 
a still later period the scala vestibuli, growing further round, sepa- 
rates the cupola from the adjoining osseous tissue. 

The ossification around the internal ear is at first confined to the 
cartilage, but afterwards extends into the thick periosteum betvreen the 
cartilage and the internal ear, and thus eventually makes its way into the 
lamina spiralis, etc. 

Tho organ of Corti. In Mammalia there is formed from the epi- 
thelium of the cochlear canal a very remarkable organ known as the organ 
of Corti, the develo{iiiieiit of which is of sufficient im{K>rtance to merit a 
brief description. A short account of this organ in tlie adult state may 
facilitate tlie underatanding of its development 

The cochlear canal is l»ounded by three walls, the outer one b(dng the 
osseous wall of the cochlea. The membrane of Reissuer hounds it towards 
the scala vestibuli, and the basilar membrane towards the scala tyiiqmni. 
This membrane stretches from the margin of the lamina spiralis to the 
ligamentum apirale ; the latter being merely an exjmnded portion of the 
connective tissue lining the osseous cochlea. 

The lamina spiralis is produced into two lips, called resfiectively the 
labium tympanicum and labium vestibulare; it is to the former 
and longer of tliese tliat the basilar membrane is attached. At the margin 
of the junction of the labium tympanicum with the basilar membrane the 
former is perforated for the futssage of the nervous fibres, and this region is 
called the habenula perforata. 

The labium vestibulare, so called from its pofdtion, is shorter than the 
labium tympanicum and is raised above into numerous blunt teeth. Partly 
springing out from the labium vestibulare, and pasaing from near the inner 
attachment of the membrane of Reissner towai'ds the outer wall of the 
cochlea, is an elastic membrane, the memhrana tectoriii. Resting on 
the basilar membrane is the organ of Corti, 
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Oondderiiig for the moment thft a transverse section of the cochlear 
canal only one cell deep is being dealt with, the organ of Corti will be 
found* to consist of a central part composed of two peculiarly shaped rods 




Fio. 805. Diagrams op the Membranous labyrinth. (From Gegenbaur.) 

I. Fish. II. Bird. III. Mammal. 

V, iitriciiUis ; sacculns ; otriculus and sacculus ; CV canalis renniens ; 
K. recessas labyrinthi ; T'C. commencement of cochlea; C. cochlear canal ; X. lagena; 
K. cupola at apex of cochlear canal ; T. ciecal sack of the vestibulum of the cochlear 
canal. 

widely separated below, but in contact above. These ai-e the rods or 
fibres of Oorti. On their outer side, i.e. on the side towards the 
osseous wall of the canal, is a reticulate membrane which passes from the 
inner rod of Corti towards the osseous wall of the canal. With their 
upper extremities fixed in that meinbi*ane, and their lower resting on the 
basilar membrane are thn^e (four in man) cells with auditory hairs known 
as the outer ‘hair cells,’ which alternate with three other cells known 
as Dei ters’ cells. Between these and the outer attachment of the basilar 
membrane is a series of cells gradually diminishing in height in passing 
outwards. On the inner side of the rods of Corti is one hair cell, and 
then a number of peculiarly mo<Hfied cells which fill up the space between 
the two lips of the lamina spiraUis. 

It will not be necessary to say much in reference to the development 
of the labium tympauicum and the labium vestibulare. 

The labium vestibulare is formed by a growth of the connective tissue 
which fuses with and passes up lietween the epithelial cells. The epithelial 
cells which line its up[)er (vestibular) border become modified, and remain 
as its teeth. 

The labium tympanicum is formed by the coalescence of the connective 
tissue layer 8e|>arating the scala tympani from the cochlear canal with jiart 
of the connective tissue of the lamina spiralis. At first these two layers 
are sepamte, and the nerve fibres to the organ of Corti pass between 
them. Subsequently however they coalesce, and the region where they are 
penetrated by the nervous fibies Incomes the habenula }>erforata. 

B. K. lb 
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The organ of Gorti itself is derived from the epihlast cells liniiy the 
cochlear canal, and consists in the hrst instance of two epithefiil ridges 
or projections. The larger of them forms the cells on the iniMr side of the 
organ of Gorti, and the smaller the rods of Gorti together with the inner 
and outer hair cells and Deiters’ cells. 

At hrst both these ridges are composed of simple elongated epithelial 
cells one row deep. The smaller ridge is the first to shew any change. 
The cells adjoining the larger ridge acquire auditory hairs at their free 
extremities, and form the row of inner half cells ; the next row of cells 
acquires a broad attachment to the baiifar membrane, and gives origin 
to the inner and outer rods of Gorti 

Outside the latter come several mws of cells adhering together so as 
to form a compact mass which is quadrilateral in section. This mass is 
composed of three upper cells with nuclei at the same level, which form 
the outer hair cells, each of them ending al>ove in auditory hairs, and 
three lower cells which form the cells of Deiters. Beyond this the cells 
gradually pass into ordinary cubical epithelial cells. 

As just mentioned, the cells of the second row, resting with their broad 
bases on the basilar membmne, give rise to the rods of Gorti, The breadth 
of the bases of these cells rapidly increases, and important changes take 
place in the structure of the cells themselves. 

The nmdetis of each cell divides ; so that there come to he two nuclei 
or sometimes three ^hich lie ^lose together near the l>ase of the cell. 
Outside the nuclei on each side a fibrous cuticular band appears. The 
two funds pass from the base of the cell to its apex, and there meet 
though widely separated below. The remaining contents of the cell, 
between the two fibrous bands, become granular, and are soon to a 
great extent absorbed ; leaving at first a round, and then a triangular 
s[)ace between the two fibres. The two nuclei, sunounded by a small 
amount of granular matter, come to lie, each at one of the angles between 
the fibrous bands and the basilar membmne. 

The two fibrous bauds become, by changes which need not be de8cril)ed 
in detail, converted into the rods of Gorti — each of their upjier ends 
growing outwards into the processes which the adult rods {mssess. 

Each pair of rods of Gorti is thus (Bbttcher) to be considered as the 
product of one cell ; and the nuclei imliedded in the granular mass Ijetween 
them are merely the remains of the two nuclei formed by the division of 
the original nucleus of that ceir. The larger ridge is for the most part not 
{permanent, and from being the most conspicuous part of the organ of 
Gorti comes to be far less imjiortant than the smaller ridge. Its cells 
undergo a partial degeneration ; so that the epithelium in the hollow be- 
tween tbe two lips of the lamina spiralis, which is derived from the larger 
ridge, comes to be composed of a single row of short and broad cells. In 
the immediate neighbourhood however of the inner hair cell, one or two of 
the cells derived from the larger ridge are very much elongafoil. 

Tbe membrana reticularis is a cuticular structure derived from the 
tmrts to which it is attached. 

^ It is not clear from Bottcher^s description how it comes about that the inner rods 
of Corti are more numerous than tbe outer. 
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Accessory structures conmcted with the organ of hearing in 
Terrestrial Vertebrata. 

In a!l the Amphibia, Sauropsida and Mammalia, except the 
Urodela and a few Anura and Reptilia, the first visceral or hyo- 
mandibular cleft enters into intimate relations with the organs of 
hearing, and from it and the adjoining parts are formed the tympanic 
cavity, the Eustachian tube, the tympanic membrane and the meatus 
auditorius externus. The tympanic membrane serves to receive from 
the air the sound vibrations, which are communicated to fluids con- 
tained in the true auditory labyrinth by one ossicle or by a chain of 
auditory ossicles. 

The addition to the organ of hearing of a tympanic membrane to 
receive aerial sound vibrations is an interesting case of the adaptation 
of a structure, originally required for hearing in water, to serve for 
hearing in air ; and as already pointed out, the similarity of this mem- 
brane to the tympanic membrane of some Insects is also striking. 

There is much that is obscure with reference to the actual de- 
velopment of the above parts of the ear, which has moreover only 
been carefully studied in Birds and Mammals. 

The Eustachian tube and tympanic cavity seem to be derived 
from the inner part of the first visceral or hyomandibular cleft, the 
external opening of which becomes soon obliterated. Kolliker holds 
that the tympanic cavity is simply a dorsally and posteriorly directed 
outgrowth of the median part of the inner section of this cleft; 
while Moldenliauer (No. 392) holds, if I understjmd him rightly, 
that it is formed as an outgrowth of a cavity called by him the sulcus 
tubo-tympanicus, derived from the inner aperture of the first visceral 
cleft together with the groove of the pharynx into which it opens ; 
and Moldcnhauer is of opinion that the greater part of the original 
cleft atrophies. 

Tlie meatus auditorius externus is formed at the region of a 
shallow depression where the closure of the first visceral cleft takes 
place. It IS in part formed by the tissue surrounding this depression 
growing up in the form of a Widl, and Moldenliauer believes that this 
is the whole process. Kolliker states however that the blind end 
of the meatus becomes actually pushed in towards the tympanic 
cavity. 

The tympanic membrane is derived from the tissue which sepa- 
mtes the meatus auditorius externus from the tymp^c cavity. 
This tissue is obviously constituted of an hypoblastic epithelium on 
its inner aspect, an epiblastic epithelium on its outer aspect, and a 
layer of mesoblast between them, and these three layers give rise to 
the three layers of which this membrane is formed in the adult. 
During the greater part of foetal life it is relatively very thick, and 
presents a structure bearing but little resemblance to that in the 
adult. 

A proliferation of the connective tissue-cells in the vicinity of 

28—2 
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the tympanic cavity causes in Mammalia the complete or nearly 
complete obliteration of the cavity during foetal life. 

The tympanic cavity is bounded on its inner aspect by the osseous 
investment of the internal ear, but at one point, known as the fenestra 
ovalis, the bone is deficient in the Amphibia, Sauropsida and Mam- 
malia, and its place is taken by a membrane; while in Mammalia 
and Sauropsida a second opening, the fenestra rotunda, is also present. 

These two fenestrse appear early, but whether they are formed by 
an absorption of the cartilage, or by the nonchondrification of a small 
area, is not certainly known. The upper of the two, or fenestra 
ovalis, contains the base of a b^ne, known in the Sauropsida and 
Amphibia as the columella. The main part of the columella is 
formed of a stalk which is held by Parker to be derived from part of 
the skeleton of the visceral arches, but its nature is discussed in 
connection with the skeleton, while the base, forming the stapes, 
appears to be derived from the wall of the periotic cartilage. 

In all Amphibia and Sauropsida with a tympanic cavity, the 
stalk of the columella extends to the tympanic membrane ; its outer 
end becoming imbedded in this membrane, .and serving to transmit 
the vibrations of the membrane to the fluid in the internal ear. In 
Mammalia there is a stapes not directly attached to the tympanic 
membrane by a stalk, and two additional auditory ossicles, derived 
from parts of the skeleton of the visceral arches, are placed between 
the stapes and the tympanic membrane. These ossicles are known 
as the malleus and incus, and the chain of the three ossicles replaces 
physiologically the single ossicle of the lower forms. 

These ossicles are at first imbedded in the connective tissue in 
the neighbourhood of the tympanic cavity, but on the full development 
of this cavity, become apparently placed within it; though really 
enveloped in the mucous membrane lining it. 

The fenestra ovalis is in immediate contiguity with the walls of 
the utricle, while the fenestra rotunda adjoins the scala tympani. 

Hunt (No. 391) holds, from his investigations on the embryology of 
the pig, that *Hhe Eustacliian tube is an involution of the [»haryngcal 
mucous membrane and that ‘Hlie meatus is an involution of the integu- 
ment” while “ the dnim is formed by the Eustachian tube overlapping the 
extremity of the meatus.” XJrljantschitsch also holds that the first visceral 
cleft has nothing to do with the formation of the tympanic cavity and 
Eustachian tube, and that these pvrts are derived from lateral outgrowths 
of the oral cavity. 

The evolution of the accessory parts of the ear would be very difficult 
to explain on Darwinian principles if the views of Hunt and Urbantschitsch 
were con*ect; and the accepted doctrine, originally proposed by Huschke 
(No. 389), according to which these stnictures liave originated by a ^change 
of function ’ of the parts of the first visceral cleft, may fairly he held till 
more conclusive evidence bais been brought against it than has yet been 
done. 

Tmueata. Tl>e auditory organ of the Tunicata (fig. 806 ) is 
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Fia. 806 . Larva op Ascioia uentcjla. (From Gegenbaur ; after Kupfter.) 

Only the anterior part of the tail is represented, 
anterior swelling of neural tube; N. anterior swelling of spinal portion of 
neural tube ; n. hinder part of neural tube ; ch. notochord ; K. branchial region of 
alimentary tract; d. oesophageal and gastric region of alimentary tract; O. eye; 
a. otolith ; o. mouth ; 8 . papilla for attachment. 


consists of two parts (1) a prominence of the cells of the floor of the 
brain forming a crista acustica, and (2) an otolith projecting into 
the cavity of the brain, and attached to the crista by delicate hairs. 

The crista acustica is formed of very delicate cylindrical cells, and 
in its most projecting part is placed a vesicle with clear contents. 
The otolith is an oval body with its dorsal half pigmented, and its 
ventral half clear and highly refractive. It is balanced on the highest 
point of the crista. 

The crista acustica would seem to be developed from the cells of 
the lower part of the front vesicle of the brain. The otolith how^ever is 
developed from a single cell on the dorsal and right side of the brain. 
This cell commences to project into the cavity of the brain and its 
free end becomes pigmented. It gradually grows inwards till it 
forms a spherical prominence in the cavity of the brain, to the wall of 
which it is attached by a stalk. At the same time it travels round 
the right side of the vesicle of the brain (in a way not fully ex- 
plained) till it reaches the summit of the crista, which has become in 
the meantime established. 

The auditoiy organ of the simple Ascidians can hardly be brought 
into relation with that of the other Chordata, and has most probably 
been evolved within the Tunicate phylum. 
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Olfactory organ. 

Amongst the Invertebrata numerous sense organs have been 
described under the title of olfactory organs. In aquatic animals they 
often have the fonn of ciliated pits or grooves, while in the Insects and 
Crustacea delicate hairs and other structures present on the antenuaa 
are usually believed to be organs of smell. Our knowledge of all these 
organs is however so vague that it would not be profitable to deal 
with them more fully in this place. Amongst the Chordata there are 
usually well developed olfactory organs. 

Amongst the Urochorda (Tunieata) it is still uncertain what 
oigans (if any) deserve this appellation. The organ on the dorsal 
side of the opening of the respiratory pharynx may very possibly 
have an olfactory function, but it is certainly not homologous with 
the olfactory pits of the true Vertebrata, and as mentioned above 
(pp. 359 and 360), may perhaps be homologous with the pituitary 
body. 

In the Cephalochorda (Ainphioxus) there is a shallow ciliated pit, 
discovered by Kolliker, which is situated on the left side of the head, 
and is closely connected with a special proce.ss of the front end of the 
brain. It is most probably the homologue of the olfactory pits of 
the tnie Vertebrata. 

In the true Vertebrata the olfactory organ has usually the form of 
a pair of pits, though in the Cyclostomata the organ is unpaired. 

In all the Vertebrata with two olfactory pits these organs are 
formed from a pair of thickened patches of the epibhist, on the under 
side of the fore*brain, immediately in front of the mouth (fig. 307, 0 /). 
Each thickened mteh of epiblast soon becomes involuted as a pit 
(fig. 308, N), the cells of which become the olfactory or Schnei- 
derian epithelium. The surface of this epithelium is usually much 
increased by various foldings, which in the Elasmobranchii arise very 
early, and are bilaterally symmetrical, divei^ing on each side like 
the barbs of a feather from the median line. They subsequently 
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become very pronounced (fig. 309), serving greatly to increase the 
surface of the olfactory epi- 
thelium. At a very early _ ^ 

stage the olfactory nerve 
attaches itself to the ol- 
factory epithelium. 

In Petromyzon the ol- 
factory organ arises as an 
unpaired thickening of the 
epiblast, which in the just 
hatched larva fonns a shallow 
pit, on the ventral side of 
the head, immediately in 
front of the mouth. This 
pit rapidly deepens, and soon 
extends itself backwards 
nearly as far as the infun- 
dibulum (fig. 310, oT). By 
the development of the upper 
lip the opening of the olfac- 
toiy pit is gradually carried 
to the dorsal surface of the 
head, and becomes at the 
same time narrowed and 
ciliated (fig. 47, ol). The 
whole organ forms an elon- 
gated sack, and in later 
stages becomes nearly divi- 
ded by a median fold into 
two halves. 

It is probable that the 
unpaired condition of the 
olfactory organ in the Lam- 
prey h^ arisen from the 
fusion of two pits into one ; 
there is however no evidence 
of this in the early develop- 
ment; but the division of 
the sack into two halves by 
a median fold may be regarded as an indication of such a paired character 
in the later stages. 

In Myxine the olfactory organ communicates with the mouth through 
the palate, but the meaning of this communication, which does not appear 
to be of the same nature as the communication between the olfactory pits 
and the mouth by the posterior nares in the higher types, is not known. 

The opening of the olfismtory pit does not retain its embryonic 
characters. In Elasmobranebii and Chimaera it becomes enclosed by 
a wall of integument, often deficient on the side of the mouth, so that 
there is formed a groove leading from the nasal pit towards the awle of 
the mouth. This groove is usually constricted in the middle, ana the 
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Fig. 307. Vikws or the head of Elasmo- 

RRANCH EMBRYOS AT TWO STAGES AS TRANSPARENT 
OBJECTS. 

A. Pristiunis embryo of the same stage as fig. 
28 F. 

B. Somewhat older Scyllium embryo. 

111. third nerve; V. fifth nerve; VII. seventh 
nerve; au.n, auditory nerve; gl. gloraopharyngeai 
nerve ; Vg. vagus nerve ; fb. fore-brain ; pn. pineal 
gland; iit6. mid-brain; /it. hind-brain ; u’.r. fourth 
ventricle; ch. cerebellum; oL olfactory pit; op, 
eye; au,V. auditory vesicle; m, mesoblast at base 
of brain; ch, notochord; ht, heart; Vc, visceral 
clefts; eg, external gills; pp- sections of body- 
cavity in the head. 
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EXTERNAL AND INTERNAL NARES. 


oiiginal aiugle opening of the nasal sack thus becomes nearly divided 
into two. In Teleostei and Ganoids the 


division of the nasal opening into two 
parts becomes complete, but the ventral 
opening is generally carried off some dis- 
tance from the mouth, and placed, by 
the growth of the snout, on the upper 
surface of the head (figs. 54 and 08). 
In all these instances it is probable that 
the dorsal opening of the nasal sack is 
homologous with the external nares, and 
the ventral opening with the posterior 
nares of higher types. Thus the poste- 
rior nares would in fact seem to be re- 
presented in all Fishes by a ventral part 
of the opening of the oiiginal nasal pit 
which either adjoins the border of the 
mouth (many Elasmobranchii) or is quite 
separate from the mouth (Teleostei and 
Ganoidei). In the Dipnoi, Amphibia and 
all the higher types the oral region be- 
comes extended so as to enclose the pos- 
terior nares, and then each nasal pit ac- 
quires two openings ; viz. one outside the 
mouth, the external nares, and one within 



Fio. 308. Side view of the 

BEAD OF AN EMBRYO ChICK OF THE 
TI11R1> BAY A8 AN OPAQCB OBJECT. 

(Chromic acid preparation.) 

CJI. cerebral hemispheres ; 
F.li, vesicle of third ventricle; 
MB. mid-brain ; Cb. cerebellum ; 
HB. medulla oblongata; N. na- 
sal pit ; ot. auditory vesicle in the 
stage of a pit with the opening not 
yet closed up ; op. optic vesicle, 
with 1. lens and eh.f, choroidal 
fissure. 

1 F. The first visceral fold; 
above it is seen the superior max- 
illary process. 

2, 3, 4 F. Second, third and 
fourth visceral folds, with the 


the mouth, the intenial or posterior nares. visceral clefts between them. 

In the Dipnoi the two nasal openings are 

very similar to those in Ganoidei and Teleostei, but both are placed on 
the under surface of the 


head, the inner one being 
within the mouth, and the 
external one is so close 
to the outer border of 
the upper lip that it also 
has l^en considered by 
some anatomists to lie 
within the mouth. 

In all the higher 
types the nasal pits have 
onginally only a single 
opening, and the onto- 
genetic process by which 
the posterior nasal open- 
ing is formed has been 
studied in the Amniota 



Fio. 309. Section niRonoH » nn BRAIN AX*#/ vju- 
FACTORY OBOAN OF AN EMBRYO OF SCTLUCM. (Modi- 
fied from figures by Marshall and myself.) 


and Amphibia. Amongst 
the Amniota we may 
take the Chick as repre- 


e.h. cerebral hemispheres; ot.v, oUaototy vesicle; 
otf. oUactoryjpit; Seh, Schneiderian folds; I, olfais* 
toiy nerve. The reference line has been aooidmitaUy 
ialcen lhrou| h the nerve to the brain. 
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senting the process in a very simple form. The general history of 
the process was first made out by KoUiker. 



FlO. 310. DuORAllUATIC VEBTICAL SECTION THBOUGH THE HEAD OF A LABVA OF 

Petromyzon. 

The laFva had been hatched three days, and was 4*8 mm. in length. The optic and 
auditoiy Tesicles are supposed to be seen through the tissues. 

c.h. cerebral hemisphere; f/i. optic thalamus; in, infundibulum; pit. pineal gland; 
mb. mid-brain ; cb. cerebellum ; md. medulla oblongata ; au,v, auditory vesicle ; op. 
optic vesicle ; oL olfactory pit ; m. month ; br.c. branchial pouches ; th. thyroid in- 
volution ; u.oo. ventral aorta ; ht. ventricle of heart ; ch. notochord. 


The opening of the nasal pit becomes surrounded by a ridge except 
on its oral side. The deficiency of this ridge on the side of the mouth 
gives rise to a kind of shallow groove lesiding from the nasal pit to 
the mouth. The ridge enveloping the opening of the nasal pit next 
becomes prolonged along the sides of this groove, especially on its 
inner one ; and at the same time the superior maxillary process grows 
forwards so as to bound the lower part of its outer side. The inner 
and outer ridges, together with the superior maxillary process, enclose 
a deep groove, connecting the original opening of the nasal pit with 
the mouth. The process just described is illustrated by fig. 311 A, 
and it may be seen that the ridge on the inner side of the groove 
forms the edge of the fronto-nasal process (k). 

On the sixth day (Born, 394 ) the sides of this groove unite together 
in the middle, and convert it into a canal open at both ends— the 
ventral openings of the canals of the two sides being placed just within 
the border of the mouth, and forming the posterior nares ; while the 
external openings form the anterior nares. The upper part of the 
canal, together with the original nasal pit, is alone lin^ by olf^tory 
epithelium; the remaining epithelium of the nasal cavity being indif- 
ferent epiblastic epithelium. Further changes subsequently take 
place in connection with the posterior nares, but these are described 
m the section dealing with the mouth. 

In Mammalia the general formation of the anterior and posterior 
nares is the same as in Birds; but, as shewn by Dursy and KoUiker, 
an outgrowth from the inner side of the canal between the two open- 
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in^ arises at aa early period ; and becoming separate from the pos- 
terior aares and provided with a special opening into the mouth » 
fcmns the organ of Jacobson. The gener^ relations of this organ 
when fully formed are shewn in fig. 31 2. 

la loeertilia the formation of the posterior nares differs in some 
liartimilifirs from that in Birds (Born). A groove is formed leading 
from the primitive na<^ pit to tlie mouth, bordered on its inner side by 
the swollen edge of the fronto-nasal process, and on its outer by an outer- 
nasal process; while the superior maxillary process does not assist in 



Fio. 311. Head of a Chick from below on the sixth and seventh bats 
OF INCUBATION. (Frooi Uuxloy.) 

I\ cerebral vesicles ; a. eye, in which the remains of the choroid slit can still be 
seen in A ; g. nasal pits ; k. fronto-nasal process ; 1. superior maxillary process ; 
1. inferior maxillaiy process or first visceral arch ; 2. second visceral arch ; x. first 
visceral deft. 

In A the cavity of the mouth is seen enclosed by the fronto-nasal process, the 
Boperior maxillary prc^sses and the first pair of visceral arches. At the back of it is 
seen the opening leading into the throat. The nasal grooves leading from the nasal 
pita to the month are abeady closed over. 

In B the external ojieuing of the month has become much constricted, but it is 
still endosed by the fronto-nasal process and superior maxillaiy processes above, and 
by the inferior maxillaiy processes (first pair of visceral arches) below. 

The superior maxillaiy processes have united with the fronto nasal process, along 
nearly the whole length of the latter. 


bounding it On the inner side of the narrowest part of this groove 
there is formed a large lateral diverticulum, which is lined by a con- 
tinuation of the Schneiderian epithelium, and forms the rudiment of 
Jacobson’s organ. The nasal groove continues to grow in length, but 
soon becomes converted into a canal by the junction of the outer-nasal 
process with the fronto-nasal process. This canal is open at bote ends : 
at its dorsal end is placed the original opening of the nasal pit, and its 
ventral open^ is situated within the cavity of the mouth. Ihe latter 
forms tee primitive posterior nares. The superior maxillaiy process soon 
grows inwards on the under side of the posterior part of tee qksaI passage, 
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and assists in forming its under wall. This ingrowth of the superior 
niaxillaty process is the rudiment of the hard palate. 

On the conversion of the nasal groove into a closed passage, the 
opening of Jacobson’s organ into the gi*oove 
becomes concealed; and at a later period 
Jacobson’s organ becomes completely shut 
off from the nasal canty, and opens into the 
mouth at the front end of an elongated 
groove leading back to the posterior nares. 

In Amphibia the posterior nares are 
formed in a manner very differant from that 
of the Amniota. At an early stage a shallow 
groove is formed leading fnm the naasl pit 
to the mouth; hut thu groove instead of 
forming the posterior nares soon vanishes, 
and by the growth of the front of the he^ 
the nasal pits are carried farther away from 
the mouth. 

The actual posterior nares ai'e formed 
by a |>erforation in the palate, opening into 
the blind end of the original nasal pit. 

Considering that tlie various stages in the 
formation of the posterior nares of the Am- 
niota are so many repetitions of the adult 
states of lower forms, it may probably be 
assumed that the mode of formation of the posterior nares in Amphibia is 
secondary, as com[>ared with that in the Amniota. 

A diverticulum of the front part of the nasal cavity of the Anura is 
probably to be regarded as a rudimentary form of Jacobson’s organ. 



Fio. 312. Section thbocoh 

THE NASAL CAVITT AND JaCOBSON’S 
OBOAN. (From Gegenbaur.) 

m. septum nasi; en, nasal 
cavity ; J. Jacobson’s organ ; d. 
edge of upper jaw. 
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Sense organs of the lateral line. 

Although I do not projmse dealing with the general development of 
various sense organs of the skin, there is one set of organs, viz. that of the 
lateral line, whidi, both from its wide extension amongst the Ichthyopsida 
and from the similarity of some of its parts to certain organs found 
amongst the Chietopoda , has a great morphological impoiiance. 

* The organs which resemble those of the lateral line are the remarkable sense 
organs found by Eisig in the Gapitollida) (Mittkeil. a. d. Zool. Station zu Neapel, Vol. 1 .); 
but 1 am not inclined to think that there is a true homology between these organs and 
the lateral line of Veitebrata. It seems to me probable that the segmentally ^ranged 
ODtio of PoLvonhthalmus are a special modification of the more indifferent 

^ oS of the &^teUid». The eloenffinity of these two types of Clustopods is 
ftwonue to this view. 
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The organa of the lateral line consist as a rule of canals, partly situated 
in the het^ and partly in the tiiink. These canals open at intervals on 
the surface, and their walls contain a series of nerve-endings. The 
branches of the caual in the head are innervated for the most part by 
the fifth pair, and those of the trunk by the uervus lateralis of the vagus 
nerve. There is typically but a single cmial in the trunk, the openings 
and nerve-endings of which are segmental ly arranged. 

Two types of development of these organs have been found. One of 
these is characteristic of Teleostei ; the other of Elasmobranchii. 

In just hatched Teleostei, Schulze (No. 402) found that instead of the 
normal canals there was present a series of sense bulbs, projecting freely 
on the surfaice and partly composed of cells with stiff hairs. In most 
cases each bulb is enclosed in a delicate tube optai at its free extremity ; 
while the bulbs corres[K)nd iu number with the myotomes. In some 
Teleostei (Gobius, Esox, etc.) such sense organs J)er8i8t through life ; in 
most forms however each organ becomes covered by a pair of lobes of the 
ai^acent tissue, one formed above and the other below it The two lobes 
of each pair then unite and form a tiil>e open at both ends. The linear 
series of tubes so formed is the commencement of the adult canal ; while 
the primitive sense bulbs form the sensory organs of the tubes. The 
adjacent tubes partially unite into a continuous canal, but at Uieir points 
of apposition pores at^e left, which place the canal in communication with 
the exterior. 

Besides these parts, I have found that there is present in Uie just hatched 
Salmon a linear streak of modified epidermis on the level of the lateral 
nerve, and from the analogy of the process described below for Elasmo- 
branchii it apfiears to me probable that these streaks play some part iu the 
formation of the canal of the lateral line. 

In Elasmobranchii (Scy Ilium) the lateral line is formed as a linear 
thickening of the mucous layer of the epidermis. This thickening is at 
first very short, but gradually grows backwards, its hinder end forming a 
kind of enlarged growing |x)int. The lattuul nerve is formed shortly after 
the lateral line, and by the time that the lateral line has reached the level 
of the anus the lateral nerve has grown back for about two-thirds of that 
distance. The lateral nerve would seem to be formed as a branch of the 
vagus, but is at first half enclosed in the modified cells of the lateral line 
(fig. 275, though it soon assumes a deef)er position. 

A permanent stage, more or less corres[)ondiiig to the stage just described 
in Elasmobranchii, is retained in Chimsem, and Echinorhinus spinosus, where 
the lateral line has the form of an open groove (Bolger, No. 404). 

The epidermic thickening, which forms the lateral line, is converted 
into a canal, not as in Teleostei by the folding over of the sides, but by 
the formation of a cavity between the mucous and epidermic layers of the 
epiblast, and the subsequent enclosure of this cavity by the modified cells 
of the mucous layer of the epiblast which constitute the lateral line. 
The cavity first appears at the hind end of the organ, and thence extends 
forwards. 

^ 05tte and Semper both hold that the lateral nerve, instea l of growing in a oentrl- 
fugal manner like other nerves, is directly derived from the epiblast of the lateral line. 
For the reasons which prevent me accepting this view I must refer the reader to my 
Monograph ott Etamobraneh Fiihr.$, pp. 141—146. 
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After its conversion into a canal the lateral line gradually recedes from 
the surface ; remaining however connected with the epidermis at a series 
of points cori*e8ponding with the segments, and at these points perforations 
are eventually formed to constitute the segmental apertures of the system. 

The manner in which the lumen of the canal is formed in Elasmo> 
hranchs bears the same relation to the ordinary process of conversion 
of a groove into a canal that the formation of the auditory involution 
in Amphibia does to the same process in Birds. In both El^mobranchii 
and Amphibia the mucous layer of the epiblast behaves exactly as does 
the whole epiblast in the other types, but is shut off from the surface by 
the passive epidermic layer of the epiblast. 

The mucous canals of the head and the ampul Ise are formed from the 
mucous layer of the epidermis in a manner very similar to the lateral line ; 
but the nerves to them arise as simple branches of the fifth and seventh 
nerves, which unite wdth them at a series of points, but do not follow 
their course like the lateral ner^^e. 

It is clear that the canal of the lateral line is secondaiy, as compared 
with the o|)en groove of Chimaera or the segmentally arrang^ sense bulbs 
of young Teleostei ; and it is also clear that the phylogenetic mode of 
formation of the canal consisted in the closure of a primitively open groove. 
The abbreviation of this process in Elasmobranchii was probably acquired 
after the appearance of food -yolk in the egg, and the consequent dis- 
appearance of a free larval stage. 

While the above points are fairly obvious it does not seem easy to 
decide h />nV>rt whether a continuous sense groove or isolated sense bulbs 
were the primitive structures fi-om which the canals of the lateral line 
took their origin. It is equally easy to picture the evolution of the canal of 
the lateral hue either from (1) a continuous unsegmented sense line, certain 
|H>int8 of Avhich bt'came segmentally differentiated into special sense bulbs, 
while the whole subsequently formed a groove and then a canal ; or from 
(2) a series of isolated sense bulbs, for each of wdiich a protective groove 
was developed ; and from the linear fusion^ of which a continuous canal 
became formed. 

' From the presence however of a linear streak of modified epidermis 
in larval Teleostei, as well tis in Elasmobi*anchii, it appears to me more 
probable that a linear sense stivnk w^os the primitive structure from which 
all the modifications of the lattu'al line t<iok their origin, and that the 
segmentally arrange<l sense builds of Teleostei Hi*e secondary differentiations 
of this primitive structure. 

Tlie, at fii*8t sight remarkable, distribution of the va^s nerve to the 
lateral line is probably to be ex]>lained in connection with the evolution 
of this organ. As is indicated lK>th by its innervation from the vagus, 
as also from the region where it first becomes developed, the lateral line 
was probably originally restricted to the anterior part of the body. As it 
became prolonged backwards it naturally carried with it the vagus nerve, 
and thus a sensory branch of this nerve has come to innervate a r^on 
which is far beyond the limits of its original distribution. 
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CHAPTER XVIII. 

THE NOTOCHORD, THE VERTEBRAL COLUMN, THE 
RIBS AND THE STERNUM. 

Introduction. 

Amongst the products of that part of the mesoblast which con- 
stitutes the connective tissue of the body special prominence must 
l)e given to tlie skeleton of the VertebraUi, from its importance in 
relation to numerous phylogenetic and morphological problems. 

The development of the skeleton is however so large a subject 
that it cannot be satisfactorily dealt with except in a special treatise 
devoted to it ; and the following description must be regarded as a 
mere sketch, from which detail has been as far as possible excluded. 

In the lowest Chordata the sole structure present, which deserves 
to be called a skeleton, is the notochord. Although the notochord 
often persists as an important organ in the tme Vertebrata, yet there 
are always added to it various skeletal structures developed in the 
mesoblast. Before entering into a systematic description of these, it 
will be convenient to say a few words as to the general characters of 
the skeleton. 

Two elements, distinct both in their genesis and structure, are 
to be recognized in the skeleton. The one, forming the true 
primitive internal skeleton or endoskeleton, is imbedded within the 
muscles and is originally formed in cartilage. In many instances it 
retains a cartilaginous consistency through life, but in the majority 
of cases it becomes gradually ossified, and converted into true bone. 
Bones so formed are known as cartilage bones. 

The other element is originally formed by the fusion of the 
ossified bases of the dermal placoid scales already described in Chap- 
ter XIV., or by the fusion of the ossified bases of teeth situated in the 
mucous membrane of the mouth. In both instances the plates of bone: 
so formed may lose the teeth or spines with which they were in the 
first instance covered, either by absorption in the individual, or phy- j 
logenetically by their gradually ceasing to be developed. The plates | 
t>f bone, which originated by the above piocess, become in higher i 
types directly developed in the connective tissue beneath the skin; 
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and gradually acquire a deeper situation, and are finally so intimately 
interlocked with parts of the true internal skeleton, Uiat the two 
sets of elements can only be distinguished by the fact of the one set 
ossi^ng in cartilage and the other in membrane. 

It seems probable that in the Reptilia, and possibly the extinct 
Amphibia, dermal bones have originated in the skin without the 
intervention of superjacent spinous structures. 

In cases where a membrane bone, as the dermal ossifications 
are usually called, overlies a part of the cartilage, it may set up 
ossification in the latter, and the cartilage bone and membrane bone 
may become so intimately fused as to be quite inseparable. It seems 
probable that in cases of this kind the compound bone may in 
the course of further evolution entirely lose either its cartilaginous 
element or its membranous element ; so that cases occasionally occur 
where the development of a bone ceases to be an absolutely safe 
guide to its evolution. 

As to the processes which take place in the ossification of cartilage 
there is still much to be made out. Two processes are often distin- 
guished, viz. (1) a process known as ectostosis, in which the ossification 
takes place in the perichondrium, and cither simply surrounds or 
gradually replaces the cartilage, and (2) a process known as endostosis, 
where the ossification actually takes place between the cartilage cells. 
It seems probable however (Gegenbaur, Vrolik) that there is no sharp 
line to be drawn between these two processes ; but that the ossification 
almo.st always starts from the perichondrium. In the higher t 3 "pe 8 , 
as a rule, the vessels of the perichondrium extend into the cartilage, 
and the ossification takes place around these vessels within the carti- 
lage; but in the lower types (Pisces, Amphibia) ossification is often 
entirely confined to the perichondrium; and the cartilage is simply 
absorbed. 

The regions where ossification first sets in are known as centres of 
ossification ; and from these centres the ossification spreads outwards. 
There may be one or more centres for a bone. 

The actual causes which in the first instance gave rise to particular 
centres of ossification, or to the o.ssification of particular parts of the 
cartilage, are but little understood ; nor have we as yet any satisfactory 
criterion for determining the value to be attached to the number and 
position of centres of ossification. In some instances such centres 
appear to have an important morphological significance, and in other 
instances they would seem to be determined by the size of the carti- 
lage about to be ossified. 

There is no doubt that the membrane l>oneR and cartilage bones can 
as a nile be easily distinguished by their mode of development ; but it is 
by no means certain that this is always the case. It is necessiirily veiy 
difficult to establish the homology between bones, which develop in one 
ty|ie from membrane and in another type from cartilage; but there are 
without doubt certain instances in which the homology lietween two bones 
would lie imhesitatingly admitted M'ere it not for the difference in their 
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development. The most difficult cases of this kind are connected with the 
shoulder-girdle. 

The possible sources of confusion in the development of bones are 
obviously two. (1) A cartilage bone by origin may directly ossify in 
membrane, without the previous development of cartil^e, and (2) a 
membrane bone may in the first instance be formed in cartilage. 

The occurrence of the first of these is much more easy to admit than 
that of the second ; and there can be little doubt that it sometimes takes 
place. In a large number of cases it would moreover cause no serious 
difficulty to the morphologist. 
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Notochord and Vertebral column. 

The primitive axial skeleton of the Chordata consists of the noto- 
chord and its sheath. It persists as such in the adult in Amphi- 
oxus, and constitutes, in embryos of all Vertebrata, for a considerable 
period of their early embryonic life, the sole representative of the 
axial skeleton. 

The Notochord. The early formation of the notochord h^ 
already been described in detail (pp. 243 — 249). It is developed, in 
most if not all cases, as an axial differentiation of the hypoblast, and 
forms at first a solid cord of cells, without a sheath, placed between 
the nervous system and the dorsal wall of the alimentary tract, and 
extending from the base of the front of the mid-brain to the end 
of the tail. The section in the region of the brain will be dealt with 
by itself. That in the trunk forms the basis round which the ver- 
tebral column is moulded. 

The early histological changes in the cells of the notochord are 
approximately the same in all the Craniata. There is fomed by 
the superficial cells of the notochord a delicate sheath, which soon 

B.£. n. 29 
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thickens, and becomes a well-defined structure. Vacuoles (one or 

more to each cell) are formed 



Fia. 318. Hobizontal section thboitoh 

THE TBUNK OF AN EMBRYO OF SCYLLIUM CON- 
SIDERABLY YOUNGER THAN F IN FIG. 2H. 


in the cells of the notochord, 
which enlarge till the whole 
notochord becomes almost en- 
tirely formed of large vacuoles 
separated by membranous septa 
which form a complete sponge- 
like reticulum (tig. 313). In the 
Ichthyopsida most of the proto- 
plasm with the nuclei is carried 
to the periphery, where it forms 
a special nucleated layer some- 
times divided into definite epi- 


The section is taken at the level of the 
notochord, and shews the separation of the 
cells to form the vertebral bodies from the 
muscle-plates. 

cA. notochord ; <7).epiblast; f>. rudiment 
of vertebral body; mp. muscle-plate; mp\ 
portion of muscle-plate already differentiated 
into longitudinal muscles. 

distribution of the nuclei iu the s 
fairly uniform. 


tbelial-like cells (fig. 314), while 
in the meshes of the reticulum 
a few nuclei surrounded by a 
little protoplasm still remain 
In the Amniotic Vertebra ta, 
probably owing to the early 
atrophy of the notochord, the 
aces (»f the mesh-work remains 


In the early stages of development the K})aoe8 in the notochoixlal sponge- 
ivork, each containing a nucleus and protoplasm, 
probaVdy represent cells. In the types iu which tlie 
notochord {>ersistsin the adult the mesh work hecoines 
highly complicated, and then forms a )»eculiar reti- 
culum filled with gelatinous material, the spaces in 
which do not indicate the outlines of definite cells 
(figs. 315 and 318). 

Around the sheath of the notochord there 
is formed in the Cyclostomata, Ganoidei, Elas- 
mobranchii and Teleostei an elastic membrane 
usually known as the membraim elastica externa. 

In most Vertebrates the notochord and its 
sheath either atrophy completely or bea>me a 
relatively unimportant part of the axial skeleton ; 
but in the Cyclostomata (fig. 315) and iu the 
Selachioidean Ganoids (Acipenser, etc.) they per- 
sist as the sole representative of tfte true verteoral 
aids. The sheath becomes very much thick- 
ened ; and on the membraua elastica covering it 
the vertebral arches directly rest. In Elasmo- 
branebii the sheath of the notochord undergoes 
a more complicated series of changes, which re- 
sult first of all in the formation of a definite 



Fio. 814. Section 

TBBOVGH THE SPINAL 
OF A TOUNO 

(From Ge- 

cf, sheath of noto- 
chord; h, neural arch ; 
F. hsimal arch ; m. 
spinal cofd ; a, dorsal 
aorta; v. cardinal 
veins. 
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nnaeginented cartilaginous tube^ round the notochord, and subse- 
quently (in most forms) in the formation of true vertebral bodies. 

Between the membrana elastica externa and the sheath of the 
notochord a layer of cells becomes in- 
terposed (fig. 316, n), which lie in a 
matrix not sharply separated from the 
sheath of the notochord. The cells 
which form this layer appear to be 
derived from a special investment of 
the notochord, and to have penetrated 
through the membrana elastica externa 
to reach their final situation. Tlie 
layer with these cells soon increases in 
thickness, and forms a continuous un- 
segmented tube of fibrous tissue with 
flattened concentrically arranged nuclei 
(fig. 317, Vb). Externally is placed the 
membrana elastica externa {mel)^ while 
within is the cuticular sheath of the 
notochord. This tube is the cartila- Fio. 315. Sect(on through 

f in(ju.s tube spoken of above, and is vertebral column op Ammo- 

nown as the cartilaginous sheath ^ , 

- , X 1 ° notochord; cs, notochordal 

of the notochord. sheath; w. spinal cord ; a. aorta; 

The exact oiigiu of the cartilaginous cardinal veins, 
tube just de.scrihed is a question of fun- 
damental importance with reference to the origin of the vertebral column 
and the homologies of its constituent parts; but is by no means easy to 
settle. In the account of the subject in 
my memoir on EUtsmobramh Fishes 1 held cA 
with Gegenbaur that it arose from a layer 

of cells outside the sheath of the notochoixl, yT \ ^ 

on the exterior of which the membranii 
elastica externa was subsecpiontly formed. 

To this view Gdtte (No. 419 ) also gave Y 

his adhesion. Schneider has since (No, Lonoituwnal sec- 

429 ) stated that this is not the case, but tion through a small part of the 
that, as described above, the membnma notochord and adjoining parts op 
elastica externa is formed before the layer ^ Scyludm embryo, at the time of 
of cartilage. I have since worked over i^o,j,oub sheath. 
this subject again, and am on the whole notochord; *c. sheath of 

inclined to adopt ^hneider’s correction, notochord ; it. nuclei of cartilagi- 

Tx r 11 r xL u 1 nous sheath ; mes. membrana elas- 

It follows from the above descrip- externa. 

tion that the cartilaginous tube in 

J uestion is an essential part of the sheath of the notochord, and 
lat it is to some extent homologous with the notochordal sheath of 
the Sturgeon and the Lamprey, and not an entirely new formation. 

^ This tube consists of a peculiar form of fibrous^ tissue rather than true cartilage, 
though part of it subsequently becomes hyaline cartilage. 

29—2 


Fig. 316. Longitudinal sec- 

TION THROUGH A SMALL PART OF THE 
NOTOCHORD AND ADJOINING PARTS OF 
A SCYLUUM EMBRYO, AT THE TIME OF 
THE FIRST FORMATION OF THE CABTI< 
LAOINOUB SHEATH. 

c/i. notochord; «c. sheath of 
notochord; it. nuclei of cartilagi- 
nous sheath ; mes. membrana elas- 
tica externa. 


452 SHEATH OF THE NOTOCHORD. 

This sheath forms the basis of the centra of the future yertebr®. 
In a few adult forms^ Le. Chimsera and the Dipnoi, it retains its primi* 



Fio. 317 . TRANSVEnSE bkctio.n through the ventrai. part of the notochord and 

ADJOININO 8TRCCTUBE8 OF AN ADVANCED ScrLUl'M EMURVO AT THE ROOT OF THE TAII.. 

Vb. cartilaginous sheath of the notochord ; ha. liajmal arch ; x'p. process to which 
the rib is articulated; vid, membrana elastica externa; ch, notochord; ao. aorta; 
V.cau. caudal vein. 

live condition, except that in ChimaTa there are pre.sent delicate 
ossihed rings more numerous than the arclies ; while in tlie Notidani, 
Lsemargi and Echinorhini the indications of vertebraj are imperfectly 
marked out. The further history of this sheath in the forms in which 
true vertebras are fonned can only be dealt with in connection with 
the formation of the veitebral arche.s. 

In Teleostei there is present, as in Elasiiiobranoliii, an elastica externa, 
and an inner notochordal sheath. The ela.stica exUuiia contaiiiH, according 
to Gotte, cells. These cells, if present, are however very didicult to make 
out, but in any case the so-called elastica ex tenia appears to con espond with 
the cartilaginous sheath of Elasinobranchii together with its enveloping 
elastica, since ossification, when it sets in, occurs in this layer. The 
sheath within becomes unusually thick. 

In the Amphibia and in the Amniota no membrane is present 
which can be identified with the membrana ehtstica externa of the 
Elasmobranebii, Teleostei, etc. In Amphibia (Qotte) there is formed 
round the notochord a cellular sheath, which has veiw much the 
relations of the cartilaginous tube around the notochord of Elaamo- 
branchii, and is developed in the same way from the perichordal 
connective tissue cells. It is only necessary to suppose that the 
inenibrana elastica externa has ceased to he develo|ied (which in 
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view of its extreme delicacy and unimportant function in Elasmo- 
branchii is not difficult to do) and this cellular sheath would then 
obviously be homologous with the cartilaginous tube in question. In 
the Amniota an external sheath of the notochord" cannot be traced 
as a distinct structure, but the connective tissue surrounding the 
notochord and spinal cord is simply differentiated into the vertebral 
bodies and vertebral arches. 

Vertebral arches and Vertebral bodies. 

Cyclostomata. The Cyclostomata are the most primitive forms 
in which true vertebral arches are present. Their ontogeny in this 
group has not been satisfactorily worked out. It is however notice- 
able in connection with them that they form for the most part isolated 
pieces of cartilage, the segmental arrangement of which is only im- 
perfect. 

Elasmobranchii. In the Elasmobranchii the cells forming the 
vertebral arches are derived from the splanchnic layer of the meso- 
blastic somites. They have at first the same segmentation as the 
somites (fig. 313, Vr), but this segmentation is soon lost, and there is 
formed round the notochord a continuous sheath of embryonic con- 
nective tissue cells, which gives rise to the arches of the vertebrae, 
the tissue forming the dura mater, the perichondrium, and the general 
investing connective tissue. 

The changes which next follow result in what has been known 
since Remak as the secondary segmentation of the vertebral column. 
This segmentation, which occurs in all Vertebrata with true verte- 
bra*, is essentially the segmentation of the continuous investment 
of the notochord and spinal cord into vertebral bodies and vertebral 
arches. It does not however follow the lines of the segmentation 
of the muscle-plates, but is so effected that the centres of the verte- 
bral bodies are opposite the septa between the muscle-plates. 

The explanation of this character in the segmentation is not difficult to 
find. The primary segmentation of the body is that of the muscle-plates, 
which were present in the primitive forms in which vertebne had not 
appeared. As soon however as the notochordal sheatli was required to be 
strong as well as flexible, it necessarily became divided into a series of 
segments. 

The condition under which the lateral muscles can best cause the 
flexure of the vertebral column is clearly that each myotome shall be 
capable of acting on two vertebrie ; and this condition can only be fulfilled 
when the myotomes are oj)posite the intervals between the vertebrae. For 
this reason, when the vertebrae became fonned, their centres were opposite 
not the middle of the myotomes but the inter-muscular septa. 

These considemtions fully explain the characters of the secondary 
segmentation of the vertebml column. On the other hand the primary 
segmentation (fig. 313) of the vertebral rudiments is clearly a remnant 
of a condition when no vertebral bodies were present ; and hiiA no greater 
morphological significance than the fact that the cells of the vertebrm 
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NEURAL AND HjEMAL ARCHES. 


were dmved from the segmented muscle-plates, and then became^ fused 
into a continuous sheath around the notochord and nervous axis ; till 
finally they became in still higher forms differentiated into vertebra and 
their arches. 

During the stage represented in fig. 28 and soraewhat before 
the cartilaginous sheath of the notochord is formed, there appear four 
special concentrations of the mesoblastic tissue adjoining the noto- 
chord, two of them dorsal (neural) and two of them ventral (h»raal). 
They are not segmented, and form four ridges, seated on the sides of 
the notochord. They are united with each other by a delicate layer 
of tissue, and constitute the substance in which the neural and haemal 
arches subsequently become differentiated. 

At about the time when the first traces of the cartilaginous 
sheath of the notochord arise, differentiations bike place in the 
neural and haemal ridges. In the neural ridge two sets of arches are 
formed for each myotome, one resting on the cartilaginous sheath of 
the notochord in the region which will afterwards form the centrum 
of a vertebra, and constituting a true neural arch ; and a second 
separate from the cartilaginous sheath, forming an intercalated piece'. 
Both of them soon become hyaline cartilage. 

There is a considerable portion of the original tissue of the neural 
ridge, especially in the immediate neighbourhood of the notochord, 
which is not employed in the formation of the neural ai*che8. This 
tissue has a fibrous character and becomes converted into the peri- 
chondrium and other parts. 

The haemal arches are formed from the ha'inal ridge in precisely 
the same way a.s the neural arches, but interhaeinal intercalated 
pieces are often present. In the region of the tail the ha3mal arches 
are c^mtinued into ventral processes which meet below, enclosing tlie 
aorta and caudal veins. 

Since primitively the postanal gut was placed between the aorta 
and the caudal vein, the hamal arches potentially invest a caudal 
section of the body cavity. In the trunk region they do not meet 
ventrally, but give support to the ribs. The structures just described 
are shewn in section in fig. 318, in which the neural {mi) and luemal 
{ha) arches are shewn resting upon the cartilaginous slieath of the 
notochord. 

While these changes are being effected in the arches the carti- 
laginous sheath of the notochord undergoes important differentiations. 
In the vertebral regions opposite the origin of the neural and hfemal 
arches (fig. 318^ its outer part becomes hyaline cartilage, while the 
inner parts adjoining the notochord undergo a somewhat different 
development, the notochord in this part becomes at the same time 

* The preg(«Dee of intercalated pieces in the neural arch s>8tem of Elasmohranohii, 
ChimsBra, etc. ts probably not the mdioation of an highly dilferentiaied type of nenral 
arch, bnt of a transitional type between an imfxsrfect investment of the spi^ cord by 
isokted oartila^inoiis bars, and a complete system of neural arches like that in the 
higher \ert6brata. 
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somewhat constricted. In the intervertebral repons the cartilaginous 
sheath of the notochord becomes more definitely fibrous, while the 
notochord is in no way constricted. 

A diagrammatic longitudinal section 
through the vertebral column, while 
these clianges are being eiBfected, is 
shewn in fig. 320 B. 

These processes are soon carried 
further. The notochord within the 
vertebral body becomes gradually con- 
stricted, especially in the median plane, 
till it is here reduced to a fibrous baud, 
which gradually enlarges in either di- 
rection till it reaches its maximum 
thickness in the median plane of the 
intervertebral region. The hyaline 
cartilage of the vertebral region forms 
a vertebral body in whicli calcification 
may to some extent take place. The 
cartilage of the base of the arches 
gradually spreads over it, and on the 
absorption of the ineuibrana elastica 
externa, which usually takes place long 
before the adult state is reached, the 
arch tissue becomes indistinguishably 
fused with that of the vertebral bodies, 
so that the latter are compound struc- 
tures, partly formed of the primitive 
cartilaginous sheath, and partly of the 
tissue of the bases of the neural and 
hasmal arches. Owing to the beaded 
structure of the notochord the vertebral 
bodies take of necessity a biconcave 
hourglass-shaped form. 

The intervertebral regions of the 
primitive sheath of the notochord f >rni 





Fio. 318 . 


fibrous intervertebral ligaments enclos- 
ing the uuconstricted intervertebral 
sections of the notochord. 


{Section thbouoii 

THE VEKTKBKAL COLUMN OP AN Al>- 
VANXEI) EMBBYO OF SCYLLICM IN 
THE BEOION UP THE TAIL. 

iia, neural arch; ha. b»mal 
arch ; ch. notoc'*'"^ * 
s’leath of notocLo 
elastica externa. 


A |)eculiar fact may here he noticed with reference to the formation 
of the vertebral bodies in the tail of Scyllium, Raja, aud possibly other 
forms, viz. that there are double as many vertebral bodies as (here are 
myotony and spmal 'nerves. This is not due to a secondary segmentation 
of the vei*tebrie but, as I have sati.sfied niysolf by a study of ^the develop- 
ment, takes place when the vertebral bodies firat become differentiated* 
The ix>ssibility of such a relation of parts is probably to be explained by 
the fact that the segmentation of the vertebral column arose subsequently 
to that of the nerves and inyotomes. 
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Ganoidai. In Acipenser and other cartilaginous Ganoids the 
hsetnal and neural arches are formed as in Elasmobranchii, and rest 
upon the outer sheath of the notochord. Since however the sheath 
of the notochord is never differentiated into distinct vertebra?, this 
primitive condition is retained through life. 

Teleostei. In Teleostei tho formation of tlie vertebral arches and 
l)odies takes jdace in a manner, which can be reduced, except in certain 
minor points, to the same type as that of Elasmohranchii. 

There are early formed (fig. 314 h and Jc) neuml and hcemal arches 
I’esting upon the “Outer sheath of the notochord. The latter 8tructui*e, 
wliich, as mentioned on j), 452, corresponds to the cartilaginous sheath 
of the notochord of Elasmobranchii, soon becomes divided into vertebral 
and intervertebral regions. In the former os'^ification directly sets in 
without the .sheath acquiring the character of hyaline cartilage (G(itte, 419). 
The latter fonns the fibrous intervertebral ligaments. The notochord 
exhibit.s verb(*bral constrictions. 

The o.ssirted outer sheath of the notochord forms but a small part of 
the permanent vert< bne. The remaind«T is derived partly from an ossifi- 
cation of the connective tissue surrounding the sheath, ajid partly from 
tho bases of tho arches, which do not spread rouml the primitive vertebral 
iiodies as in Elasrnobi'anchii. The ossifications in the tiasue surrounding 
the sheath iisu tlly (tig. 3111) take the form of a cross, while the bases of 
the arches (4* and 4 ) remain as four cartilaginous radii between the liml>s 
of the osseous cross. In sfune instances the bases of the arches also become 
ossified, and are then with difficulty distinguishable from the other paints 
id the secondary vertebral b<sly. The ]wrts of the arches outside the 
vertebral bodies are for the nio.st part ossified (fig. 319). In comdation 
^^ith the vertebral constrictions of the notochonl the v«‘rtebral bodies are 
biconcave. 

Amphibia. Of the forms of Aiupbibia so far studied etiibryo- 
logically the Salainandrida* present the most primitive tyjH? of forma* 
tion of the vertebral cedumn. 

It has already In^en stated that in Amjihihia there is present 
around the notochord a cellular sheath, equivalent to the cartilaginous 
sheatli of EIa.smohranchii. In the tmno on llie dorsal side of this 
sheath a series of cartilaginous proce.ss(*8 bec^anes formed. These 
proee8.‘‘:es are the commencing neural arches; atid they rest on the 
cellular shcjath of the notochord f»pposite the middle of the vertebral 
regions. 

A .sti]>i*ilicial os#k?(>us layer lK*eonK*s very early formeil in each 
vertebra! region of the cellular sheath ; while in ejich of the inter- 
vertebral regions, which are considerably shorter than the vertebral, 
there is developed a ring-like cartilaginous thickening of the sheatb, 
which projects inwaitls so as to constrict the notochord. At a period 
t)ef<jre this thickening has attained considenihle dimensionH the noto- 
chord becomes suffi<neiitly constricted in the ciuitre of each vertebral 
region io give a biconcave foitn to the vertebra? for a verv short 
period of fretal life. 
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The sta^e with biconcave vertebm is retained through life in the 
Perennibranchiata and Ojmnophioua. 

The chief peculiarity which distinguishes the later history of their 
vertebral column from that of fishes 


cqnafits in the immense development 
"6? the intervertebral thickenings just 
mentioned) which increase to such an 
extent as to reduce the notochord, 
where it passes through them, to a 
mere band; while the cartilage of 
which they are composed becomes dif- 
ferentiated into two regions, one be- 
longing to the vertebra in front, the 
other to that behind, the hinder one 
being convex, and the anterior concave. 
The two parts are not however abso- 
lutely separated from each other. 

By these changes each vertebra 
comes to be composed of (1) a thin 
osseous somewhat hourglass-shaped 
cylinder with a dilated portion of the 
not(Xihord in its centre, and (2 and 3) 
of two halves of two intervertebral 



Fio. 319. Vertical section 

THROUGH THE MIDDLE OF A VERTB- 

RRA OF Esox LUCIUS (Pike). (From 
Gegenbaur.) 

ch. notochord; notochordal 
fdieath; k. and k\ cartilaginous 
tissue of the neural and hsemal 
arches ; h. osseous haemal process ; 
n. spinal canaL 


cartilages, viz. an anterior convex half 

mid a posterior concave half. The vertebrae thus come to be 


H C D K 



Fio. 8!i0. Diagram REPRESENtiNO the mode of development of the vebtebrje 
IN THE DIFFERENT TYPES. (From GegenbauT.) 

A. Ideal type in which distinct vcrtebne are not established. 

B. Type of Pisces with vertebral constrictions of the notochord. 

C. Amphibian type, with intervertebral constrictions of the notochord by the 
intervertebral parts of the cellular sheath. 

D. Intervertebral constriction of the notochord as effected in BeptUia and Aves. 

£. Vertebral constriction of the notochord as effected in Mammalia, the interver- 
tebral parts of the cartilaginous sheath being converted into iutervertebrd ligaments. 

notochord; cit. cnticular sheath of notochord ; #. cartilaginous sheath ; r. vertebral 
regions; intervertebral regions ; p. intervertebral joints. 


«8 VERTEBRAL COLUMA^ OF THE AMNIOTA. 

opiathoccelous. A longitudinal section through the vertebral column 
at this stage is diagrammatically shewn in fig. 320 G. 

To the centre of each of these vertebrae the neural arches, the 
origin of which was described above, become in the meantime firmly 
attached ; and grow obliquely upwards and backwards, so as to meet 
and unite above the spinal cord. The transverse processes of the 
vertebrai would seem (Fick) to be developed independently of the 
arches, though they very soon fuse with them. According to Gdtte 
the transverse processes are double in the trunk, there being two 
pairs, one vertically above the other for each vertebra. The pair on 
each side eventually fuse together. 

In the tail haemal arches are formed, which are similar in their 
mode of development to the neural arches. 

The unconstricted portion of the notochord, which persists in each 
vertebra, becomes in part converted into cartilage. 

Anura* In the Anura the process of formation of the vertebral 
column is essentially the same ns that in the Salniiiandridie. Two ty]»es may 
however be observed. One of these occure in the majority of the Anura, 
and mainly differa from that in Stdainandra in (1) the enili^^u* fusion of the 
arches wdth the cellular sliearh of the notiHjhord; (2) the more rapid growth 
of the intervertebral thickenings of the cellular sheath, which results in the 
early and complete obliterati<»n of the int<Tvertc‘bral |Mirt8 of the notochonl ; 
(3) the complete division of these iiit(TverU*bral thickenings into anterior 
and fKWterior |M)rtions, which unite with and form the articular surfaces of 
two Contiguous vertebrae. The vertebne are moreover procudous instead 
of l)eing opisthoccelous. 

The uuconstricted veitebral sections of the notochonl always persist till 
the ossification of the veitebra^ has taken place. In some forms they 
remain thmugh life (Rana), while in other cases they eventually either 
wholly or paitially disappear. 

The second ty|>e of vertelmd development is found in Bouibiiiator, 
Pseudis, Pipa, and Pelobates. In these g(*nera the formation of the 
vertebra takes place almost entirely on the dorsal side of the notochoid ; 
«o that the latter forms a band on the ventral side of the v(*rtebral colutiin. 
In other respects the history of the vertebra! column is the sain(i in the two 
cases ; the vertebral unconstricted parts of the notochonl appear however 
lo become in fiart converted into cartilage. The typ(5 ot formation of 
the vertebral column in these genera has been distinguished as epichordal 
in contradistinction to the more nominal or |K*ricbonlal tyjie. 

Amniota, lu the Amniota all trace of a distinction between a 
cellular notochord sheath and an arch tissue is lost, and the two are 
developed together as a continuous wdiole forming an unsegmented 
tube round the notrKshord, with a neural ridge which does not at first 
nearly invest the neuml cord. This tube becomes diflfereniiated, in 
the manner already described for other types, into (1) vertebral 
regions with true arches, and (2) intervertebral regions. 

Bqitilia. In Rcptilta (Qegenbaur, No. 416) a cartilaginous tnlio 
is fomic-d round the iiot<x;hord, which is continuous with the carti* 
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lagiiious neural arches. The latter are plaped in the vertebral regions, 
and in these regions ossification very early sets in, while the noto- 
chord remains relatively unconstricted. In the intervertebral regions 
the cartilage becomes thickened, as in Amphibia, and gradually con- 
stricts the notochord. The cartilage in each of the intervertebral 
regions soon becomes divided into two parts which form the articular 
faces of two contiguous vertebr®. 

The general character of the vertebral column on the completion 
of these changes is shewn in fig. 320 D. The later changes are 
relatively unimportant. The constricted intervertebral sections of 
the notochord rapidly disappear, vrhile the vertebral sections become 
partially convert^ into cartilage, and only cease to l)e distinguishable 
at a considerably later period. 

The ossification extends from the bodies of the vertebras into the 
arches and into the articular surfaces, so that the whole vertebrae 
eventually become ossified. 

Tlie Ascalabotie (Geckos) present an exceptional type of vertebral 
column which hss many of the charactei*s of a deve'opmental stage in 
other Lizards. The body of tlie vertebm is formed of a slightly hourglass- 
shaped osseous tubt% united with adjoining vertebne by a short inter- 
vertebral cartilage. There is a persistent and continuous notochord which, 
owing to the small development of the intervertebral cartilages, is narrower 
in the vertebml than in tlie intervei*tebi*al regions. 

Aves. In Birds the cellular tube formed round the notochord 
is far thicker than in the Rcptilia. It is continuous in the regions 
of the future vertebra? with neural arches, which do not at first nearly 
enclose the spinal cord. 

On about the fifth day, in the case of the chick, it becomes differ- 
entiated into vertebral regions opposite the attachments of the neural 
arches, and intervertebral regions between them ; the two sets of 
regions being only distinguished by their histological characters. 
Veiy shortly afterwards each intervertebral region becomes segmented 
into two parts, which respectively attach themselves to the contiguous 
vertebral regions. A part of each intervertebral region, immediately 
adjoining the notochord, does not however undergo this division, and 
afterwards gives rise to tlie ligamentuni sus|)ensoriura. 

The notochonl during these changes at first remains indifferent, 
but subsequently, on about the seventh day in the chick, a slight 
constriction of each vertebral region takes place ; so that the ver- 
tebras have temjiorarily, as they have also in Amphibia, a biconcave 
fonn which repeats the permanent condition of most fishes. By 
the ninth and tenth days, however, this condition has completely 
disappeared, and in all the intervertebral portions the notochord has 
become distinctly constricted, and at the same time in each vertebral 
[>ortion there have also appeared two constrictions of the notochord 
giving rise to a central and to two terminal enlargements 

On the twelfth day the ossification of the cartilaginous centra 
commences. 
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The first vertebra to ossify is the second or third cervical, and the 
ossification gradually extends to those behind. It does not commence 
in the arches till somewhat later than in the bodies. For each arch 
there are two centres of ossification, one on each side. 

The notochord persists for the greater part of foetal life and even 
into post-foetal life. The larger vertebral portions are often the first 
completely to vanish. They would seem in many cases at any rate 
(Qegenbaur) to be converted into cartilage, and so form an integral 

part of the permanent vertebrm. Ru- 
diments of the intervertebral portions 
of the notochord may long be detected 
in the ligamenta suspensoria. 

Schwarck (No. 420) states that in both 
the intervertebral and the vertebral regions, 
though less conspicuously in the former, 
the cartilage is divided into two layem, an 
inner and an outer. He holds that the 
inner layer coiresponds to the cartilaginous 
notochordal sheath of the lower ty}>es, 
and the outer to the arch tissue. Ossi* 

Fio. 821 . LoKflirtrwsAL kec ((ie^nbaiir) of the centra ap,,ear8 

TION THROCOH THE vERTEBHAn m 8 spccial luncr lavcr of cartilage, which 
coLcxH or AS EIGHT WEEKS* HUMAN is pTobably thc same as the inner layer 
EMBBTo p THE THORACIC REGION. Qf earlier stage, though this iwint has 
(From EoUiker.) definitely cstiiblished. 

r. cartilagmous vertebral body ; ^ i* mi i i i 

/t. intervertebral ligament ; ch. Mft?nmftllft> l hc early development 
notochord. of the perichordal cartilaginous tube 

and rudimenUiry neural arches is almost 
the same in Mammals as in Birds. The differentiation into vertebral 
and intervertebral regions is the same in both groups ; but instead of 
becoming divided as in Reptilia and Birds into two segments attached 
to two adjoining vertebrae, tlie intervertebral regions become in 
Mammals wholly converted into the intervertebral ligaments (fig. 322 
li). There are three centres of ossifications for each vertebra, two 
in the arch and one in the centrum. 

The fate of the notochord is in important respects different from 
that in Birds. It is first constricted in the centre of the vertebrae (figs. 
320 E and 321) and disappears there shortly after the ossification ; 
while in the intervertebral regions it remains relatively unconstricted 
(figs. 320 E, 321 and 322 c) and after undergoing certain histological 
changes remains through life as part of the nucleus pidposus in the 
axis of the invertebral ligaments^. Tliere is also a slight swelling of 
the notochord near the two extremities of each vertebra (fig. 322 
c and c '). In the persistent vertebral constriction of the notochord 

V forward by Lushka, and his surmises have been oonfirmed 

by KdUiker and other embiyologists. Lebonoq (No. 424) however holds that the cells 
of tim notochord in the intervertebral regions fuse with those of the adjoining Ussoe; 
and Dnrsy and others deny that the nnclens pnlposus is derived from the notochord. 
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Mammals retain a more primitive and piscine mode of formation of 



Fio. 322. Loxoituiunal section throcgh the intervertebral ligament and ad> 

4ACENT parts OP TWO VERTEBRAE FROM THE THORACIC REGION OP AN ADVANCED EMBRYO 

OP A Sheep. (From Kiilliker.) 

to. ligameutam longitadinale anterius ; Ip, ligamentom long. posteriuB ; U, liga- 
mentum intervertebrale ; A*, k\ epiphysis of vertebra ; w. and ir'. anterior and posterior 
vertebrie ; c, inten'ertebral dilatation of notochord ; c\ and vertebral dilatation of 
notochord. 

the vertebnil celumn than the majority either of the Reptilia or 
Amphibia. 
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Bibs and Sternum, 

Bibs. Embiyological evidence on the development of the ribs, 
though somewhat inadequate, indicates tliat they arise as cartila- 
ginous bars in the connective tissue of the intermuscular septa, 
and that they are placed (in the Ichth\opsida at any rate) on 
the level of division between the dorso-latera! and ventro-lateral 
divisions of the muscle-plates. They may be attached either to the 
haemal (Pisces) or neural (Amphibia and Araniota) arches. The con- 
nective tissue from which they are formed is continuous with the 
processes of the vertebraj to wliich they are atUichcd ; but tho con- 
version of the tissue into cartilage takes place more or less indepen- 
dently of that of the arches, although in many cases the cartilage of 
the two becomes continuous, the sefiaration of the ribs being then 
eflfected by a subsequent process of segmentation (Kick, No. 431 ). It 
is possible that the ribs of Pisces may not be homologous with those 
of Amphibia and the Amniota, but till the reverse can be proved it is 
more convenient to assume that the ribs aie homologous structures 
throughout the vertebrate series. 

In Elasniobnmchii the ribs are relatively of le.s 8 itn[mrtarice in tin* 
adult than in the embryo. By a careful examination of their early develop- 
ment, I have satisfied myself that the differentiation of the rilrn is indqnin- 
deni of that of the hiemal processes to which they are attached, although 
the differentiation proceeds in such a manner that, when both am coiivertcni 
into cartilage, they are quite continuous. Huhsequently the ribs bcMX>me 
segmented off from the h^mal processes. At tlie junction of the tail and 
trunk, where the hagmal processes commence to be veutrally prolonged, 
eventually to unite in the region of the tail l>olow the caudal vein, the ribs 
are attached to short processes which spring from the sides of the hfenml 
arches (hg. 317). The ventral hiemal arches of these fishes are therefore 
clwly in no part formed by the ribs. 

In Qanoi^i and Teleostei there is very great difficulty in determining 
the homologies of the ribs. 

In the cartilaginous Qanoidei there are well developed rib>like struc- 
tures, which might be regarded as homologous with l^asmobranch ribs, 
and indeed probably are so ; but at the same time their relations aro in 
some respects very different from those of Elasmobranch riba in the caudal 
region. In Ganoid the riba, in approaching the tail, become shorter and then 
ftw with the ends of the hsemai processes, and finally in the caudal region 
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form together with tiie hiemal arelies a closed haemal canal which superficially 
resembles that in ElasmobranchiL 

In Lepidosteus and Amia, eH|)ecially the former, the same phenomenon 
is still more marked ; and in Lepidosteiis it is easy, in passing backwards, 
to trace the ribs benditig ventral-wards, and uniting ventraliy in the caudal 
region to form, with the haemal processes, a complete haemal canal 

It might have been anticipated that the Teleostean Ganoids would 
resemble the Teleostei, but, from an examination of adult Teleostei, it 
would seem to be clear that the relations of 'the parts are the same as in 
Elasmobranchii, i,e, that the ribs have no share in forming the haemal 
canal in the tail. Aug. Miiller and Gotte have however brought embiyo- 
logical evidence (though not of a conclusive character), to shew that in the 
embryo the ribs really fuse with the haemal processes io the tail, and so 
assist as in the Ganoids, in forming the haemal canal Gotte moreoeer holds 
that the ribs in Elasmobranchii are not homologous with those of Teleostei 
and Ganoids ; but that the haemal arches in the tail are homologous in the 
three groups. 

Without necessarily following Gotte in these views it is worth pointing 
out that the undoubtedly close affinity between the bony Ganoids and the 
Teleostei is in favour of the view on the haemal arches of Teleostei at 
which he has arrived on embryological grounds. 

In Amphibia the formation of the ribs from the connective tit^sue of the 
intermuscular septa, their secondary attachment to the transverse processes 
of the neural arches, and their subsequent separation was first clearly 
established by Kick (No. 431), whose statements have since been confirmed 
by Haase, Bom, <kc., and in part by Gotte, who holds however that, though 
converted into cartilage independently of the transverse processes, they 
ai’e formed in membrane as outgrowths of these processes. 

In the Amniota the ribs are also indej>endently established (Hasse and 
Born), though they subsequently become united to the transverse processes 
and to the bodies of the vertebiue, or to the tmnsverae processes only. 
This junction is liowever stated by the majority of authorities, never to 
be effected by the fusion of the cartilage of the two parts, but always by 
fibrous tissue ; though Hoffman (No. 435) takes a different view on this 
subject, holding that the ribs are at first continuous w'ith the intervertebml 
regions of the primitive cartilaginous tube surrounding the notochord. 

Stornuxn. In dealing with the development of the sternum it 
be convenient to leave out of consideration the interclavicle or 
episternum which is, properly speaking, only part of the shoulder- 
girdle and to confine my statements to the sternum proper. 

This structure is found in all the Amniota except the Ophidia, 
Chelonia, and some of the Amphisbjpnm. 

From the older researches of Rathke, and from the newer ones of 
Q6tte, etc., it appears that the sternum is always formed from the 
fusion of the ventral extremities of a certain number of ribs. The 
extremities of the ribs unite with each other from before backwards, 
and thus give rise to two cartilaginous bands. These bands become 
segmented off from the ribs with which they are at first continuous, 
and subsequently fuse in the median ventral line to form an unpaired 
sternum. The Mammalian presternum (manubrium stemi) and 
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xiphosternum have the same origin as the main body of the sternum 
(Ruge, No. 438). 

in the Amphibia there is no structure which admits from its 
mode of development of a complete comparison with the sternum 
of the Amniota ; and it must for this reason be considered doubtful 
whether the median structure placed behind the coracoids in the 
Anura, which is usually known as the sternum, is really homologous 
with the sternum of the Amniota\ 

The remaining Ichthyopsida are undoubtedly not provided with a 
sternum. 
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THE SKULL, 

Three distinct sets of elements may enter into the composition 
of the skull. These are (1) the cranium proper, composed of true 
endoskeletal elements originally formed in cartilage, to which are 
usually added exoskeletal osseous elements, formed in the manner 
already described p. 447, and known in the higher types as membrane 
bones. (2) The visceral arches formed primitively as cartilaginous 
barSf but in the higher types Largely supplemented or even replaced 
by exoskeletal elements. (3) The labial cartilages. 

These parts present themselves in the most various forms, and 
their study constitutes one of the most important departments of verte- 
brate morphology, and one which has always been a favourite subject 
of study with anatomists. At the end of the last century and during 
the first half of the present century the morphology of the skull was 
handled from the point of view of the adult anatomy by Goethe, Oken, 
Cuvier, Owen, and many other anatomists, while Dugds and, nearer 
to our own time, Rathke, laid the foundation of an embryological 
study of its morphology. A new era in the study of the skull was 
inaugurated by Huxley in his Croonian lecture in 1858, and in his 
lectures on Comparative Anatomy subsequently delivered before the 
Royal College of Surgeons. In these lectures Huxley disproved the 
then widely accepted view that the skull was composed of four ver- 
tebras; and laid the foundation of a more satisfactoiy method of 
dealing with the homologies of its constituent parts. iSince then the 
knowledge of the development of the skull has made great progress. 
In this country h number of very interesting memoirs have been 
published on the subject by Parker, which together constitute a most 
^king contribution to our knowledge of the ontogeny of the skull 
in a series of types ; and in Germany Gegenbaur’s monograph on the 
cephalic skeleton of Elasmobranchii has greatly promoted a scien- 
tine appreciation of the nature of the skull. 

In the present chapter only the most important features in the 
development of the skull will be touched on. 

B. E. Tf 
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coNsriTUEyrs of the craxium. 


It will be coiiveniewt to describe, in the first instance, tbe devefop- 
roent of tbe cartilaginous elements of the skull 

Tbi OranittllL The brain is at first envelope in a continuous 
layer of mesoblast known as the membranous cranium, into the base 
of which the anterior part of the notochord is prolonged for some 
clii^nce. The primitive cartilaginous cranium is formed by a differ- 
entiation within the membranous cranium, and is always composed 
of the following parts (fig. 323) : 

(1) A pair of cartilaginous plates on each side of the cephalic 

section of the notochord, known 



as the parachordals \pa, ch). 
These plates together with the 
notochord (nc) enclosed between 
them form a floor for the hind- 
and mid-brain. The continuous 
plate, formed by them and the 
notochord, is known as the ba- 
silar plate. 

(2) A pair of bars forming 
the floor for the fore>brain,kiiown 
iis the trabeculae (tr). These 
bars are continued forward from 
the parachordals. They meet 
behind and embrace the front 
end of the notochonl ; and after 
separating for some distance bend 
in again in such a way as to 


Fio.823. Head of embbyo Doofihh, enclose a sjwice— the pituitary 

RBCOKD STAGE ; BASAL VIEW OF CttAJJUTM FB'ISI SpaCC. lu fVoilt Of tlllS SpOCe 

hatieo been bkuoveo. i^n^ain in contact luid gene- 

o/. olfsctoiysacs; flu. Euditory capsiile ; They extend for- 

ttc. notochord; jiy. pituitaiy body ; wards into the nasal region 

pmchordsl cartilage; tr, trabecula; inf. (pn), 
infondibulum ; cornua trabeculw ; /»». ^ rpi 

PSSTelen^t ; V- spiracular cleft ; br. , W . Cartilaginous Cap 
external bianchife ; C7. 2, 4. visceral clefts, sules oi the sense organs. Of 

these the auditory (at/) and ol- 
factory capsules (ol) unite more or less intimately with the cmiiial 
walls; while the optic capsules, forming the usually cartilaginous 
sclerotics, remain distinct. 

The parachordals and notochord. The flrst of these sets of 
elements, viz. the parachordals and notochord, funning together the 
basilar plate, is always an unsegmented continuation of tbe axial 
tissue of the vertebral column. It forms the floor for that section of 


the brain which belongs to the primitive postoral part of the head 
(vide p. 261), and its extension is roughly that of tbe basioocipital of 
the adult skull. Its mode of development is almost identical with 
that of the vertebral column, exoe|#t that the notochord, even in many 
forms where it persists in the vertebral column, disappears in tbe 
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basilar plate ; though in a certain number of cases remnants of it are 
found in the adult state. 

It will be convenient to say a few words here with reference to the 
notochord in the head. It always extends along the floor of the mid- 
and hind-brains, but ends iintnediiteiy behind the infutidibulum. The 
limits of its anterior extension are clearly shewn in tig. 43. The front end 
of the notochord often becomes more or less ventrally flexed in corre- 
spondence with the cranial flexure; its anterior end being in some instances 
(£la8raobi*anchii) almost bent backwards (tig. 324). 

Kolliker has shewn that in the Rabbit', and 1 believe that a more or 
less similar phenomenon may also be ob- 
served in Birds, the anterior end of tlie 
notochord is united to the hy|K>blast of 
the throat in immediate contiguity with 
the opening of the pituitary body ; but it is 
not clear whether this is to be looketl u{K)u 
IIS the remnant of a primitive attachment 
of the notochord to the hyixihlast, or as a 
secondary attachment 

Before the pai^achordals ai« foimed 
the anterior end of the notochoi*d has 
usually undergone a partial atrophy ; and 
its fluent end often becomes somewhat 
dorsally flexed. Within the basilar plate 
it often exhibits two or more dilatttions, 
which have been i*egarded by Parker and 
Kiilliker as indicative of a segmentation 
of this plate ; but they haiilly appear to 
me to he capable of this interpretation. 

In Elasniobranchs where, as shewn 
above, a very primitive type of develop- 
ment of the vertebral column is re- 
tained, we find that the basilar plate 
is at first formed of (1) the notochord invested by its cartilaginous 
sheath, and (2) of lateral masses of cartilage, the parachordals, homolo- 
gous with the arch tissue of the vertebral column. This development 
probably indicates that the basilar plate contains in itself the 
same elements as those from which the neural arches and 
the centra of the vertebral column are formed; but that it 
never passes beyond the unseginented stage at first charac- 
teristic of the vertebral column. The hinder end of each 
parachonlal forms a condyle articulating with the first vertebra; 
so that in the cartilaginous skull there are always two occipital 
condylea The basilar plate always grows up behind (fig. 326, so), 
and gives rise to a complete cartilaginous ring enveloping the 
medulla oblongata, in the same manner that the neurm arches 
envelope the spinal cord. This ring forms an occipital cartila^nous 
ring; in front of it the basilar plate becomes laterally continuous 

> ** Embryologisohe Mittheilungen.” Fe»Uekrift df. Naturfor, Halley 1879. 


Fio. 324. Lonoitudinal bec- 

TIOJI THROUGH THE BRAIN OF A 
YOUNG PriSTIURUB EMBRYO. 

re r. commenceiDent of the cere- 
bral hemiephere; pn, pineal gland; 
III . inf undibulnm \ pi, ingrowth f om 
month to form the pituitary body ; 
mb. mid -brain; eb. cerebellum; eb. 
notochord; al, alimentaiy tract; 
laa, artery of mandibiUar arch. 
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with the periotic cartilaginous capsules, and the occipital ring alioye 
usually spreads forward to form a roof for the part of the brain 
between these capsules. In the higher Vertebrates the periotic 
cartilages may be developed continuously with the basilar plate 
(fig. 325). 

The trabecolsB. The trabeculae, so far as their mere anatomical 
relations are concerned, play the same part in forming the floor for 
the front cerebral vesicle as the jiarachordals for the mid- and hind- 
brains. They differ however from the parachordals in one important 
feature, viz. that, except at their hinder end (fig. 323), they do not 
embrace between them the notochord. 

The notochord constitutes, as we have seen, the primitive axial 
skeleton of the body, and its absence in the greater part of the 
region of the trabeculfB would probably seem to indicate, as pointed 
out by Gegenbaur, that these parts, in spite of their similarity to 

the parachordals, have not the 
same morphological significance. 

The nature of the trabeculie has 
l>een much disputed by morpholo- 
gists. The riew that they cannot 
be regarded as the anterior section 
of the veitebral axis is 8up{)orted by 
the consideration that the forward 
limit of the primitive skeletal axis, 
08 marked by the notochord, ooin- 
; cides exactly with the distinction we 
have found it necessary to recognise, 
on entirely inde}>endent grounds, 
lietween the fore-brain, and the 
remainder of the nervous axis. But 
while this distinction between the 
[larachordals and the trab€»)ula5 must 
I think be admitted, I see no 
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Fio. 825. Vuw FBox above or the 
nnrssTiMo mss Axn or the tbabeculak of 

A OHIOX ON THE fOUBTH OAT OF INCUBATION. 

(After Parker.) 

In order to shew this, the whole of 
the upper portion of the head has been 
slieed away. The cartilagtnoas portions 
of the aknll axe marked with the dark 
horizontal shading. 

cvh cerebral vesicle (sliced off); e. 
eye ; nc, notochord ; iv, investing mass ; 
9. foramen for the exit of Uie ninth nerve; 
el, codilea; kse. hoxizontal aemiciroalar 
canal; q. qna^te; 5. notch for the 
passs^ of the fifth nerve ; expanded 
anterior end of the investing mass ; pt§, 
pitoitafy qiace; tr. tmheoulA. The re- 
feience line tr. has been acddentally 
mxde to ond a little sho:t of the cartilage. 


reason against siipjioBing that the 
tmbeculee may be plates developed 
to support the floor of the fore- 
brain, for the same physiological 
reasons that the imrachordals have 
become formed at the sides of the 
notochord to 8up{K>rt the floor of 
the hind-brain. By some anatomists 
the trabeculie have been hold to be 
a pair of branchial bars; but this 
view has now been generally given 
up. They have also been rcg^ed 
as equivalent to a complete pair d 
neuiul arches envelopiug the front 
end of the brain. The primitive 
extension of the base of the fore- 
brain through the pituitary space is 
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an argument, not without force, which has been appealed to in Bup[)ort of 
this view. 

In the majority of the lower forms the trabeculae arise quite inde- 
pendently of the parachordals, though the two sets of elemente soon 
unite ; while in Birds (fig. 325) and Mammals the parachordals and 
trabeculae are formed as a continuous whole. The junction between 
the trabeculae and parachordals becomes marked by a cartilaginous 
ridge known as the posterior clinoid. 

The trabeculae are usually somewhat lyre-shaped, meeting in front 
and behind, and leaving a large pituitary space between their middle 
parts (figs. 323 and 325). Into this space there primitively projects 



Fio. 826. Side view or the cartilaoinoits cuakivm c»f a Fowl on the 
SEVENTH DAY OF iNcrBATioN. (After Parker.) 

jm. prenasal cartilage ; aln. aliuasal cartilage ; ale. aliethmoid ; immediately below 
this is the aliseptal cartilage, eth. etlimoid ; pp. pars plana ; pit. presphenoid or inter- 
orbital ; pa. palatine ; pg. pterygoid ; z. optic nerve ; ax. alisphenoid ; q. quadrate ; 
St. stapes; fr. fenestra rotunda; /ixo. horizontal semicircular canal; psc. posterior 
vertical semicircular canal : both the anterior and the posterior semicircular canals are 
seen shining through the cartilage, so. supraoccipital ; eo. exoccipital; oc. occipital 
condyle ; nc. notochord ; vik. Meekers cartilage ; ch. oerato-hyal ; bh. basi-hyal ; cbr. 
and ebr. cerato-branchial ; bbr. basibranchial. 

the whole base of the fore-brain, but the space itself gradually be- 
comes narrowed, till it usually contains only the pituitary body. The 
carotid arteries always pass through it in the embryo; but in the 
higher fonns it ceases to be perforated in the adult. The trabeculae 
soon unite together l)oth in front and behind and form a com- 
plete plate underneath the fore-brain, and extending into the nasal 
region*. A special vertical growth of this plate in the region of the 
orbit forms the interorbital plate of Teleostei, Lacertilia and Aves 
(fig. 320, jfw), on the upper surface of which the front part of the 
brain rests. The trabecular floor of the brain does not long remain 
simple. Its sides grow vertically upwards, forming a lateral wall for 
the brain, in which in the higher types two regions may be distin- 
guished, viz, an ali sphenoidal region (fi^. 326, as) behind, growing 
out from what is known as the basisphenoidal region of the 

1 In Man (Kdlliker) the trabeouJie form from the first a continuous plate in front 
of the pituitary space, and the latter very early acquires a oartilaginous floor. 
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primitiTe trabeculee, and an orbitosphenoidal region in front 
growing out from the presphenoidal Vegion of the trabeculte. 
These plates form at first a continuous lateral wall of the cranium. 
At the front end of the brain they are continued inwards, and more 
or less completely sepaiate the true cranial cavity from the nasal 
region in front. The region of the cartilage forming the anterior 
boundary of the cranial cavity is known as the lateral ethmoid 
region, and it is always perforated for the passage of the olfactory 
nerves. 

The cartilaginous walls which grow up from the trabecular floor 
of the cranium generally extend upwards so as to form a roof, 
though almost always an imperfect roof, for the cranial cavity. In the 
higher types, in Mammals more especially, this roof can hardly be 
said to be formed at all. The region of the trabecula? in front of the 
brain is the ethmoid region. The basal j>art of this region forms an 
intemasal plate, from wdiich an internastd septum may grow up 
(flg. 320). To its sides the olfactory capsules are att?udied, and there 
are usually lateral outgn^wths in front forming the trabecular cornua, 
while from the posterior part of the ethmoidal plate, forming the 
anterior boundary of the cnuiial cavity, there often grows out a pre- 
frontal or lateral ethmoidal pn>cess. 

These and other processes growing out from the traWciiloe have 
occasionally been regiiided as rudimentary praeoral hranchiai arches. I 
have already stated it as iiiy view that the existence of branchial arches 
ill this region is highly improbable, and 1 may add that the develo|>iiieut 
of tliese structuies as oiitgiowths of the ^klll] is in it*«elf to my mind a nearly 



Fia. S27. Skull or adult Doonsn, silk vikw. (From Parker.) 

O.C. ood(>itai condyle ; ilii. periotic capsule; Pt,(K pterotic ridge ; »Vp.O. sphenotk 
process; H,Or, supraorbital ridge; Na, na>al capsule ; P.S, preuasal cartilage ; IL optie 
foramen; V. trigeminal foramen; Pl.Pi., Qu, pterygo-quadrate arcade ; Af.Pt. meta- 
ptetygoid ligament (including a small cartila^); Pl.Tr, ethmo-patatine or |ialato*irabe* 
cularligamimt; Jl/ek. lower jaw; Sp, spincle; H.i/.liyomandibular; C.ifp. oeratohyal; 

msndibolo*hyoid ligament; P/i.iir. phaiyngobranchial ; Fj.ilr. epibranchial ; CM, 
eeratobranehial ; //./tr. hypobraneliial ; P,Br, b^branchial; KrMr, extrabranchial ; 
P* ^ K labial cartilages ; tla» dotted lines witliin JUek, indioate the is^l^'al. 
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oonolusive arguineut against their being branchial arches, in that true 
branchial arches hardly ever or perhaps never arise in this way. 

TllO 801186 Cftp6lll68« The most important of these is the auditory 
capsule, which, as we have seen, fuses intimately with the lateral walls 
of the skull. In front there is usually a cleft separating it from the 
alisphenoid region of the skull, through which the third division of 
the fifth nerve passes out. This cleft becomes narrowed to a small 
foramen (fig. 327, V). The sclerotic cartilage is always free, but pro- 
found'y modifies the region of the cranium near which it is placed. 
The nasal investment forms in Elasmobranchs (fig. 327* Na) a capsule 
open lielow, and continuous with the ethmoid region of the trabeculae. 
In most types however it becomes more closely united with the 
ethmoid region and the accessory parts belonging to it. 

The cartilaginous cranium, the development of which has been 
thus briefly traced, persists in the adult without even the addition of 
membrane l)ones in the Cyclostomata, Elasmobranchii (fig. 327) and 
Holocephali. in the Helachioid Ganoids it is also found in the adult, 
but is covered over by membrane bones. In all other types it is 
invariably present in the embryo, but becomes in the adult more or 
less replaced by osseous tissue. 

Branchial skeleton. 

The most pnmitive tyi>e of branchial skeleton in any existing 
form would ap])ear to be that of the Petromjzonida^, which is deve- 
loped in a superficial subdermal tissue, and consists of a series of bars 
united by transverse pieces, so as to form a basket-work. It is known 
as an extra-branchial system, and an early stage of its development in 
the Lamprey is shewn in fig. 47. In the higher forms this system is 
replaced by a series of bars, known as the branchial bars, so situated 
as to afford support to the siuces.sive branchial pouches. Outside 
these bars there may be present in some primitive forms (Elasmobran- 
chiij cartilaginous elements, which are supposed to be remnants of the 
extra-branchial system (tig. 327, Ex.Br ) ; while a series of membrane 
bones is also usually atlded to them, winch will be dealt with in a 
separate section. The branchial bars are developed as simple carti- 
laginous rods in ti^e deeper parts of the mesobhist which coiistittites 
the primitive branchial arches. 

The po.Hitioii of tlie branchial bars in relation to the soniatopleure and 
splanchiiopleure can bc^ determined from their lehition to the so-called head 
cavities. These cavities atrophy Wore the formation of the cartilaginous 
branchial bars, but it will be observed (fig. 328), that the aitery of each 
arch (<m) is placed on the inner side of the liead cavity (pp). The cartila- 
ginous bar arises at a later period on the inner side of the artery, and 
therefore on the inner side ot the section of the body cavity primitively 
present in the arches. 

An anterior arch, known as the mandibular arch, placed in front 
of the hyo-mandibular cleft, and a second arch, known as the hyoid 
aicb, placed in front of the hyo-braucliial cleft, are developed in all 
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typea succeeding arches are known as the ime branchial arches, 
are only fully developd in the Ichthyopsida. 

In some Sharks (Notidani) seven branchial arches may be present 
(not including the hyoid and mandibular). In other Ichthyop- 
sida 6ve are usually present, in the embryo at any rate, while in the 
Amniota there are usually two three post-hyoid membranous 

arches, in the interior of which a carti- 



laginous bar is usually formed. The 
general form of these bars at an early 
stage of development is shewn in the 
dog-fish (Scy Ilium) in fig. 329. 

The simple condition of these bars in 
the embryo renders it highly probable that 
forms existed at one time with a simple 


Fio. 828. Horizoktal sec- branchial skeleton of this kind : at the 


•nON THROUGH THE PENULTI- 
MATE VISCERAL ARCH OP AN EM- 
BRYO OP Pristiurus. 

ep. epiblast; vc. pouch of 
hypoblast which will form the 
walls of a visceral cleft; pp. 
se^ient of body-cavity in vis- 
ceral ari'h ; aa. aortic arch. 


present day liowever such forms no longer 
exist The first arch has in all cases 
changed its function and has become con- 
vert^ into a supporting skeleton for the 
mouth ; the hyoid arch, though retaining 
in some forms its branchial function, has 
in most acquired additional functions and 


has undergone in consequence various peculiar modifications. The 
true branchial arches retain their branchial functions in Pisces and 



Tr, trabecala; Pl.Pt. pterygo quadrate ; 
M.Pt. metapterygoid re^on; Mn. maiidi- 
balar cartila^ ; Hy. hyoid arch ; Br.l. first 

hntnAliml ttflir.ti • fSln tnanrlthntn.hvnid olnfi ; 


some Amphibia, but are second- 
arily modified and largely ab- 
ort^ in the abranchiate forms. 
Since the changes undergone 
by the true branchial bars are 
far less complicated than those 
of the hyoid and mandibular 
bars it will be convenient to 
treat of them in the first in- 
stance. 

These bars arc, as already 
mentioned, most numerous in 
certain very primitive forms 
(seven in Notidanus), while as 


the eye; ^..olfactoiy nidimeot; i?. eyeball ; gradual tendency for the pos- 
aoditonr mwe; Cl, 3,8. cerebral veei- terior of them to dlNappear. 

Eembpbere.; /.n.p. na«,&onlal ^hig tendency « the iWlt of 

a gradual atrophy of the pos- 
terior branchial pouches, which commenced at a stage in the 
evolution of the Chordata long prior to the appearance of carti- 
laginous or osseous branchial mrs, and reaches its climax in the 
Amniota. 

In a fully developed branchial bar the primitively simple rod of 
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cartilage becomes diTided into a series of segments, usually four, 
articulated so as to be more or less mobile : and either remaining 
cartilaginous or becoming partially or wholly ossified. Each bar (fig. 
327) forms a somewhat curved structure, embracing the pharynx. 
The dorsal and somewhat horizontally placed segment is known as the 
pharyngobranchial {Ph.Br\ the next two as the epibranchial {E.Br) 
and ceratobranchial (C.Br), and the ventral segment as the hypo- 
branchial {H.Br). There is also typically present a basal unpaired 
segment, uniting the bars of the two sides, known as the basibranchial 
(B.Br), The arches often bear cartilaginous rays which support the 
gill lamellsB. 

In Teleostei dental plates are usually developed as an exoskeletal 
covering on parts of the branchial arches. 

In the Amphibia four or three branchial arches are present in the 
embryo. 'Fhese parts are more or less completely retained in the 
Perennibranchiata and Caducibranchiata, but in the Myctodera and 
Anura they become largely reduced, and entirely connected with the 
hyoid. 

In the Anura they never reach any considerable development, and 
are soon reduced to a plate (fig. 330) — the coalesced b^ihyal axid 
basi-branchial plate — the pos- 
Uirior processes of which re- 
present the remnants of the 
branchial arches. 

According to Parker the pos- 
terior process of this plate in the 
adult is a remnant of the fouilh 
branchial bar; the next (»ne is 
the third branchial bar, while the 
anterior lamina l>ehind the hyoid 
is stated by him (though this is 
somewhat doubtful) to be a rem- 
nant of the first two bars. 

In the Amniota, the bran- 
chial arches become still more 
degenerated, in correlation with 
the tobil disappearance of a 
branchial respiration at all 
periods of life. Their remnants 
becotne more or less imjxirtant 
parts of the hyoid bone, and 
are solely employcMl in support of the tongue. Their basal portions 
are best preserved, forming parts of the body of the hyoii The 
posterior (thyroid) cornua of the hyoid are remnants of the true 
arches. Of these there are two in the Chelonia and Lacertilia, and 
one in the Aves and Mammalia. In Aves the cornu formed from 
the first branchial arch (fig. 331 cbr) is always larger than that of the 
true hyoid arch (cA). 



Fio. S30. Young Fboo, with tail just 
ABsoRBKu; BIDE VIEW OF SKULL. (From 
Parker.) 

Au. auditory capsule; in front of it is 
the cranial side wall ; A.N, external nostril ; 
M. staiies; Meckelian cartilage ; B.Hy. 

basihyobranchial plate ; St.Hy. stylohyal 
or ceratohyal; Br,l. first bran^al arch. 

Bones: exoccipital ; JPr.O. prootic; 

Pa. parietal ; Fr. frontal ; Na. nasal ; Pmx, 
premaxillary; Jl/x. maxillary; Pt. pterygoid; 
Sy. squamosal ; QhJu. quadratojugal ; Art. 
articular; P. dentary. 


474 


MANDIBULAR AND UYOW BARS. 


aim! Hyniii ar(dl6B« 



Fio. 331. View fkom below or the bbam- 

CHIAL SKELETON OF THE SKHLL Of A FoWL ON 
THE FOURTH BAY Of INCUBATION. (After Parker.) 

rrl. cerebral ve&ides; e. eye; /ii. fronto- 
nasal process ; n. nasal pit ; tr. irab^ala' ; pU, 


The adaptations of both the 
mandibular and hvoid bars, 
to functions entirely distinct 
from those which they primi- 
tively served, are most re- 
markable; and the adapta- 
tions of tlie two bars are in 
many cases so intimately 
bound togetlier, that it is not 
possible to treat them sepa- 
rately. 

The mostimportantcbango 
of function is undoubtedly 
that of the mandibular arch, 
ubich becomes entirely con- 
verted into a skeleton for the 
jaws. It may be noted as a 
peculiarity of the mandibular 
arch that it is never provided 
with an unpaired b^l ele- 
ment. 

The simplest forms of 
metamorphusi^ are those un- 


— *'•'1 rv ' 

drate ; mk. Meckel's cartilage ; c/i. oerato-byal ; 
hh, biui'byal ; cbr, oerato-branchial ; ehr. 
jmximal portion of the cartilage in the third 
▼imral (first braiichtal) arch; hbr. basibran- 
ehial ; 1. first viiioeral cleft ; 2. second vit$oerai 
cleft ; 3. third visceral arch. 


of which 

lium) and Skate (Raja) have 
lieen studietl (Parker, N 0 . 456 ). 
In some of these forms, 0.47. 
the Skate, part of the man- 
dibular bar is still related 


to the byo-mandibular cleft (the spiracle). 

ElasmofanuaclliL In Scvliiuin the hyoiil and mandibular arches 
are at first very similar to those whicii follow. Soon however each of 
them sends an anteriorly directed dorsal process (fig. 329), The 
regions which may be distinguished owing to the growth of these 
processes have received names from ossifications in them which are 
found in other types. The anterior prcKx^ss of the mandibular arch 
is known as the pterygo-quadrate bar (PLPi ) ; the dorsal end of 
the primitive liar from which it starts (M.Pt) is known as the 
uietapterygoid process; while the ventral end of the bar forms 
the Meckelian cartilage. The upper end of the hyoid arch is 
known as the byomandibular. 

In a somewhat later stage changes take place which cause these 
parts practicaUy to assume the adult fonn (fig. 327). The mandibular 
arch becomes sc^gmeuted at its bend into ( 1 ) a pterygo-quadrate bar 
{PLPi) which grows forwards iu front of tlie mouth, and forms an 
upper jaw, and ( 2 ) a Meckelian cartilage {Mck) which is placed behind 
the mouth, and forms a lower jaw. The (wo jaws are articulated 
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together, and the cartilages of the two sides composing them meet 
each other distally. 

At the articulation of the Meckelian cartilage with the quadrate 
part of the pterygo-qiiadrate is situated a ligament {M.Pt)y which takes 
the place of the imtapterygoid process of the previous stage, and passes 
up on the anterior side of the spiracle, to be attached to the cranium 
in the front part of the auditory region. This ligament, which is 
supplemented by a second ligament the ethmopalatine ligament, 
passing from the pterygo-qu^rate bar to the antorbital region of the 
skull, is not the most important support of the jaw. The main sup- 
port is, on the contrary, given by the hyoid arch; the hyoraandibular 
segment of which {H.M) as well as the adjoining segment (cerato- 
hyohl C,Hy) are firmly attached by ligament to the mandibular arch. 
Tlie hyomandibular is articulated with the cranium beneath the 
pterotic ridge {Pt O). 

In the type just described, the hyoid and mandibular arches 
undergo less modification than in almost any other case. The 
hyoid arch has altered its fonn, but retains its respiratory func- 
tion. It has however ac(]uired the secondary function of supporting 
the mandibular arch The mandibular arch is dividetl into two 
elements, which form respectively the upper and lower jaws. It is 
not directly articulated with the skull, and its mode of support by the 
hyoid arch has been called by Huxley (No. 445) hyostylic. 

The development of the hyoid and mandibular arches in the 
Skate is characterised by a few important features (fig. 333). The 
anterior element of the hyoid 
arch, which fonns the hyoman- 
dibular (//.il/), becomes entirely 
separate from the posterior part 
of the arch, and only serves to 
support the jaws. The jxjste- 
rior part of the arch {Hy) 
carries on the n^spiratory func- 
tions of the hyoid, and is closely 
connected with the first bran- 
chial arch. The up]H*r or me- 
tapterygoid element of the 
aiandibufar arch {M,Pt) has a 
considerable development, and, 
becoming separaUni from the 
remainder of the arch, forms a 
mass of cartilage with one or 
two branchial rays, in the front 
wall of the spira\.de, and con- 
stitutes a section of the mandilndar arch still retaining tra(^ 
of its primitive function in supporting the wall of a branchial 
pouch. 

Although the development of other Elasmobranch types is not 



Flu. 838. H'iad of embryo Skate, 

IK. i*oNu, (From Parker.) 

7*r. trabecula; PLPt, pteiygo- quadrate 
bar ; Mn. mandibular bar ; J/. Pt, meta- 
pterygoid cartilage ; HM. hyomandibu- 

1 ..... rf.. Ha* 1 

cleft or 8pii*acle ; P«. pineal gland ; 
ilitory veKicle ; C. 1, an i C. 8. vesicles of 
the brain. 
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known, it is necessary to call attention to the mode of supmrt of the 
mandibular arch in certain forms, notably Notidanus, Hexanchus 
and Cestracion, where the pterygo-quadrate region of the mandibular 
arch is directly articulated to the cranium between the optic and tri- 
geminal foramina. In the two former genera the metapterygoid region 
of the arch is moreover continuous with the pterygo-quadrate, and 
articulates with the post-orbital process of the auditory region of the 
skull. In spite of tnese attachments the mandibular arch continues 
to be partially suppoi*ted by the hyomandibular. The skulls in which 
the mandibular arch has this double form of support have been called 
by Huxley amphistylic. 

Considering the in many resj)ects primitive characters of the 

forms with amphistylic 
skulls it seems not 
improbable that they 
preserve the original 
iiiuiie ui siippun ui the 
mandibular arch ; from 
which differentiations 
in two directions have 
taken place, viz. dif- 
ferentiations in the 
direction of a complete 

bulararch by the hyoid, 
which is characteristic 
of most Elasmobranchii 
Fio. 334. Cranial BXELETOS OF A Salmon FBY. SECOND and, as will be shewn 



WERK AFTER BATCHINO ; MEMBRANE BONES, EYEBALLS, AND 
NASAL SACS REMOVED. (From Parker.) 

T.Or. tegmen cranii ; S.Or. supraorbital band ; Fo. 
snperior fonianelle; Au, auditory capsule; Paxh. 
parachordal cartilage ; Ck. notochord ; Tr. trabecula ; 
above the trabecula, the interorbital septum is seen, 
pasaing into the cranial waU above and reaching the 
supraorbital band ; //. optic foramen ; V, trigeminal 
fonunen; /*, F. labial cartilages; PLPu palatopterygoid 
bar ; M.PL metapteiygoid tract ; Qu. quadrate region ; 
Mck, Meekelian cartilage; U.M, bjomandibular carti* 
lage; 8y. symplectic tract; l.Hy. interhval; CMy. 
oeiatohjal; //./ip. bypohyal ; O./ip. glossohjal; Br.l. 
hrat brandiial axch. 


below, of Ganoidei and 
Teleostei; and differ- 
entiations towards a 
direct articulation or 
attachment of the man- 
dibular arch to the 
cranium, without the 
intervention of the 
hyoid. The latter mode 
of attachment is called 
by Huxley autosty lie. 
It is found in Uolo- 


cepbala, Dipnoi, Amphibia and the Amniota. 

TeieOftdL In aduition to that of Elasmobranchii, the skull of the 
Salmon is the only byostylic skull in which, by the admirable investi- 
gation of Parker (No. 451 ), the ontogeny of the hyoid and mandibular 
bars has been satisfactorily worked out. Apart from the presence of 
a series of membrane bones, the development of these bars agrees on 
the whole with the types already described. 

The hyoid arch, though largely ossified, undergoes a process of 
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development very similar U) that in Baja. It is formed as a simple 
cartilaginous bar, which soon becomes segmented longitudinally 
into an anterior and a posterior part (fig. 334). The former consti- 
tutes the hyomandibular {H.M), while the latter, becoming more and 
more separated from the hyomandibular, constitutes the hyoid arch 
proper; owin^ to the disappearance of the hyobranchial cleft, it 
loses ite primitive function, and serves on the one hand to support 
the operculum covering the gills, and on the other to support the 
tongue. It becomes segmented into a series of parts which are ossi- 
fied (fig. 335) as the epiceratohyal {ep.h) above, then a large cerato- 
hyal (ch), followed by a hypoh>al {Ith), while the median ventral 
element forms the basi- or glossohyal 
The hyomandibu- 
lar itself is articulated 


with the skull below 
the pterotic proceas (fig. 
334, H.M). Its upper 
element ossifies as the 
hyomandibular(fig.335, 
/i.m), while its lower 
pirt (fig. 334, fify), which 
18 firmly connected with 
the mandibular arch, 
ossifies as the sym- 
plectic (fig. 335, sy). A 
connecting element be- 
tween the two parts of 
the hyoid bar forms an 
interhyal (ih). 

There are more im- 
portant differences in 
the development of the 
mandibular arch in 
Elasmobranchii and 
the Salmon than in 



Fio. 335. Yocko Sai.xon or tb> fibot BTTwnB, 

4II0CT 3 INCHES LONO ; SIDE VIEW OF SEOLL, EXCLHOtNO 
BHANCaiAL AECBE8. (FlOm PsTkOT.) 

The palsto-mandibular and h;oid tracts are de- 
tached from their proper situations, a line indicatioK 
the position where tte hyomandibular is articulated 
beneath the pterotic ridge. 


that of the hyoid arch, 
in that, instead of the 
whole arcade of the 
upper jaw being formed 
from the mandibular 
arch, a fresh element, 
in the form of an in- 
dependently developed 
bar of cartilage, com- 
pletes the upper arcade 
in front ; but even w'ith 
this bar the two halves 
of the upper brauch of 


oL olfiMtory fossa; c.fr. trabecular coma; nlK 
upper labial cartilai^; p.s. p resp he nc mt tract; t.cr. 
tegmen cranii; i.o.6. supraorbital band; fo. superior 
fontanelie; luc, notochord; b.o. basilar cartilage ; tr. 
trabecula ; p.c. condyle for palatine cartilage ; 5. tri- 
geminal foramen ; 7u. facial foramen ; 8. foramen for 
gloasophaiyngeal and vagus nerves; mk, Meckeliaii 
cartilage ; ap.c. opercular condyle. 

Bones: esoodpital; #.o. snpraoooipital ; e.jp. 

epiotio; pf*o. pterotic; 4w.o. sphenotio ; op. opisthotio; 
pro. prootio; b.s. baaisphenoid ; of.#, aitsphenoid; oa, 
orbitosphenoid ; 1,(*. ectethmoid or lateral ethmoid; 
pa. palatine; pff. pteiygoid; m.pff. meaopteiygoid ; 
laf.pp. metapterygoid; qu. quadrate; or. attioolar; 
h.m. hyomandibular; sy. sympieotic; i.h. interhyal; 
ep.h. epiceratohyal; c.h. oeratohyal; h.k. hypohyai; 
ffX gloeso- or baaihyal. 
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tha^h do act meet anteriorly, but are separated by the ends of the 
tral^uIsB. 

The anterior bar of the upper arcade is known as the palatine ; 
but it appears to me as yet uncertain how far it is to be regarded 
as an element, primitively belonging to the upper arcade of the 
mandibular arch, which has become secondarily independent in its 
development; or as an entirely distinct structure which has no 
counterpart in the Elasmobranch upper jaw. The latter view is 
adopted by Parker and Bridge, and a cartilage attached to the 
hinder wall of the nasal capsule of many Elasmobranchii is identified 
by them with the palatine rod of the Teleostei. 

The arch itself is at first very similar to the succeeding arches ; 
its dorsal extremity soon however becomes broadened, and provided 
with an anteriorly directed process. This part (fig. 334, M, Pt and Qu) 
is then segmented from the lower region, and forms what may be 
called the pterygo-quadrate cartilage, though not completely homo- 
logous with the similarly named cartilage in Elasmobranchs ; while 
the lower region forms the Meckelian cartilage (Mck), which has 
already grown inwards, so as to meet its fellow ventrally below the 
mouth. The whole arch becomes at the same time widely separated 
from the axial parts of the skull. 

Nearly simultaneously with the first diflferentiation of the mandi- 
bular arch, a bar of cartilage — the palatine bar already spoken of — is 
formed on each side, below the eye, in front of the mouth. The 
dilated anterior extremity of this bar soon comes in contact with an 
anterior process of the trabeculjB, known as the ethmopalatine process. 

In a later stage the pterygoid end of the pterygo-quadrate car- 
tilage unites with the distal end of the palatine bar (fig. 334, Pl.Pt), 
and there is then foraied a continuous cartilaginous arcade for the 
upper jaw, which is strikingly similar to the cartilaginous upper jaw 
of Elasmobranchii. 

A large dorsal process of the primitive pterygo-quadrate now 
forms a large metapterygoid tract {MPt)\ while the whole arch be- 
comes firmly b( un J to the hyomandibular {H.M). 

In the later stages the parts formed in cartilage become ossified 
(fig. 335). The palatine is first ossified, the pterygoid region of the 
pteiygo-quadrate is next ossified as a dorsal mes^pterygoid {m.pg) 
and a ventral pterygoid proper (pg). The quadrate region, articu- 
lating with the Meckelian cartilage, becomes ossified as a distinct 
quadrate (qu), while the dorsal region becomes also ossified as a meta- 
ptesrygoid (mtpg). 

In the Meckelian cartilage a superficial ossification of the ventral 
edge and inner surface forms an articulare (ar); but the greater part 
of the cartilage persists through life. 

Some of the above ossifications, at any rate those of the palatine and 
pterygoid, seem to be started by dental osseous plates adjoining the card- 
laga They will be spoken of further in the section dealing with the mem- 
brane bones. 
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Amphibia. The <1eveIopnieDt of the autostylic piscine skplls 
has unfortunately not yet been studied ; and the most primitive 
autostylic types whose development we are acquainted with are those 
of the Amphibia ; on which a large amount of light has been shed 
by the researches of Huxley and Parker. 

The modifications of the hyoid arch are comparatively simple and 
uniform. It forms a rod of cartilage, which soon articulates in front 
with the quadrate element of the mandibular arch, and is subse- 
quently attached by ligSiments both to the quadrate and to the 
cranium. In those Amphibia in which external gills and gill clefts 
are lost, it fuses with the basal element of the hyoid (fig. 830), 
which, together with the basal portions of the following arches, 
forms a continuous cartilaginous plate. On the completion of these 
changes the paired parts of the hyoid arch have the form of two 
elongated rods, known as the anterior cornua of the hyoid, which 
attach the basihyal plate to the cranium behind the auditory capsule. 

It is still uncertain whether theie is any'distinct element corresponding 
to the hyomandibular of fishes. 

Parker holds that the columella aurw of the Auura is the hoinologue 
of the hyomandibular. The columella develops comjiarativeJy late and 
inde].>eiidently of the remainder of the hyoid arch, but the similarity 
between its relations to the nerves and those of the hyomandibular is 
put forward by Parker as an argument in favour of his view. The 
early ligamentous connection between the quadrate and the upi)er end of 
the primitive hyoid is however an argument in favour of i*egardmg the 
up|>er end of the primitive hyoid as the hyomandibular element^ not 
separated from the remainder of the arch. 

The history of the mandibular arch is more complicated than 
that of the hyoid. The part of it which corresponds with the upper 
jaw of Elasmobranchii exhibits most striking variations in develop- 
ment ; so striking indeed as to suggest that the secondary mtxlifica- 
tions it has undergone are sufficiently considerable to render great 
caution necessary in drawing morphological conclusions from the pro- 
cesses which are in some instances ol^eivable. A more satisfactory 
judgment on this point will be possible after the publication of a 
memoir with which Parker is now engaged on the skulls of the 
different Anura. 

The membrane bones applying themselves to the sides of the 
mandibular arch are relatively far ..more important than in the lower 
types. This is especially the case with the upper jaw wheie the 
maxillary and premaxillary bones functionally replace the primitive 
cartilaginous jaw ; while membranous pterygoids and p^atines apply 
themselves to, and largely take the place of, the cartilaginous palatine 
and pterygoid bars. 

Two types worked out by Parker, viz. the Axolotl and the com- 
mon Frog, may be selected to illustrate the development of the 
mandibular arch. 

In the Axolotl, which may be taken as the type for the Uro<ieIa, 
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the mandibular arch is constituted at a very early stage of (1) an 
enlarged dorsal element, corresponding with the pterygo-quadrate of 

the lower types, but usually 
^ c.ir known as the quadrate; and (2) 

^ ^ ventral or Meckelian element. 

The Meckelian bar very early 
/ acquires its investing bones, while 

n\ M dorsal part of the quadrate 

1 F ' becomes divided into two charac- 

^ I ') ^ teristic processes, viz. an anterior 

m dorsal process which grows to- 

{I > ■ ■ and soon perrmrientlyf Lises 

trabecular crest, and a 
V posterior process known as the 

^ oliic process, which applies itself 

to the outer side of the auditory 

« ^ ni region. The anterior of these 

Fig. 836. Young Axolotl, 2i inches ® • x j x i. 

long; undeb view of skull, dissected, processes, as pointed out by 
THE LowEB JAW AND GILL ABCHE8 HAVING Huxlcy, is probably homologous 
BEEN BEHOVED. (From Parker.) with the anterior process of the 

M. no^ord :oc.c. oooTi^tal oon^k; pteiygo-quadrate bar in Noti- 
/.o. fenestra ovahs; «f. stapes; tr. trabe- ^ x* ix •xixi. 

cularcartilaf?e; i.n. internal nares ; c.tr. danus, which articulates With the 
cornu trabeoulflB ; pd. pedicle of quadrate ; trabecular region of the cranium, 

q. quadrate ; pg. outline of while the otic process is homo- 

tilage; 6'. orbito-nasal nerve; 7. facial . . ., 

jxQjye' logons with the metapterygoid 

Bones ; parasphenoid ; e.o. exoc- process. Hardly any trace is pre- 

sent of an anterior process to form 


Fig. 836. Young Axolotl, 2J inches 
long; undeb view of skull, dissected, 

THE LOWEB JAW AND GILL ABCHE8 HAVING 
BEEN BEHOVED. (From Parker.) 

nc. notochord; oc.c. occipital condyle; 
f,o. fenestra ovalis; st stapes; tr. trabe- 
cular cartUi^ ; i.n. internal nares ; c.tr. 
cornu trabeoulflB ; pd. pedicle of quadrate ; 
q, qua^ate ; pg. outline of pteiygoid car- 
tilage; 6'. orbito-nasal nerve; 7. facial 
nerve. 

Bones ; parasphenoid ; c.o. exoc- 
cipital ; v. vomer ; px. premaxillary ; mx. 
maxiUaiy ; pa, palatine ; pg. pterygoid. 


^ pterygoid bar, but dentigerous 
plates forming a dermal palato-pterygoid bar have already appeared. 

At a somewhat later stage a fresh proce®, called by Huxley the 
pedicle, grows out from the quadrate, and ai-ticulates with the ventral 
side of the auditory region (fig. 336, pd). Shortly afterwards a rod 

of cartilage grows forward from 



HATCBIMa ; BIDS VIEW OS HEAD, WITH SKIN 
BEHOVED. (From Parker.) 

Na. olfactoiy sack; M. involution for 
eyeball ; Au. auditoiy sack ; Tr, trabecula ; 
Mh, mandibular; Hy, hyoid; Br.L first 
branchial arch; the ^ll-buds are seen 
on the first two branchial arches ; 1. labial 
cartilages. 


the quadrate under the mem- 
branous pteiygoid {pg\ which 
corresponds with the cartilaginous 
pterygoid bar of other types (fig. 
336), and an independent pala- 
tine bar, arising even before the 
pterygoid process, is formed imme- 
diately dorsal to the dentigerous 
palatine plate (pa), and is attach- 
ed to the trabecula. These two 
bars eventually meet, but never 
become firmly united to the more 
importantmembranebones placed 
superficially to them. 

The mandibular arch in the 
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Frog stands, so far as development is concerned, in striking contrast 
to the maucUbular arch of the Axolotl, in spite of the obvious 
similarity iu the arrangement of the adult parts in the two types. 

In the earliest stage it forms a simple bar in the membranous 
mandibular arch, parallel to and very similar to the hyoid bar behind 
(fig. 337, Mn). In the next stage observed, that is to say in Tadpoles 
of four, five, to six lines long, an astonishing transformation has 
taken place. The mandibular arch (fig. 338) is turned directly 
forwards parallel to the trabecula, 


to which it is attached in front 
{p-pg) and behind {pd). The 
proximal part of the arch thus 
forms a subocular bar, and the 
space between it and the trabe- 
cula a subocular fenestra. In 
front of the anterior attachment 
it is continued forwards for a 
short distance, and to the free 
end of this projecting part is 
articulated a small Meckelian 
cartilage directed upwards {mk). 
The Meckelian cartilage is at 
this stage placed in front of the 
nasal sacks, in the lower lip of 
the suctorial mouth. The greater 
part of the arch, parallel with 
the trabeculae, is equivalent to 
what has been called in the Axo- 
lotl the quadrate, while its an- 
terior attachment to the trabe- 
culae is the rudiment of the 
palato-pterygoid cartilage. The 
posterior attachment is known as 
the pedicle. 


u.i 



nr 


Fig. 338. Tadpole of Common Toad, 

ONF.-THIRD OF AN INCH LONG; CRANIAL AND 
MANDIBULAR CARTILAGES SEEN FROM ABOVE ; 
THE PARACHORDAL CARTILAGES ARE NOT YET 
DEFINITE, (From Parker.) 

nc. notochord; m«. muscular segments; 
an. auditory capsule ; ptj, region of pi- 
tuitary body; tr» trabecula; c,tr, cornu 
trabeculae ; p.prj. palatoplerygoid bar ; pd. 
pedicle ; q. quadrate condyle ; mk. Meck- 
elian piece of mandibular arch ; s.o.f. 


The condition of the mandibular 
ai*ch during this and the next stage 
(fig. 339) is very perplexing. Its 


subocular fenestra ; u.i. upper labial car- 
tilage. The dotted circle within the qua- 
drate legion indicates the position of the 
internal nostril. 


structure appears adapted in some 


way to support the suctorial mouth #f the Tadpole. 

Reasons have been offered in a previous part of tliis volume for sup- 
])Osing that the suctorial mouth of the Tadpole is probably not simply a 
structure secondarily acquired by this larva, but is an organ inherited from 
an ancestor provided through life with a suctorial mouth. 

The question thus arises, is the peculiar moditicatioii of the mandibular 
arch of the Tadpole an hiherited or an acquired featui*e ? 

If the first alternative is accepted we should have to admit that the 
mandibular arch became first of all modified in connection with the 


suctoiial mouth, before it was converted into the jaws i)f the Gimtho- 
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stKimata; and that tlie peculiar bistory of tbi'j arch in the Tadpole is a 
more or less true record of its phylogenetic deveh)])inent. In favour of this 
view is the striking similarity which Huxley has |)ointed out between 
the oral skeleton of the Lamprey and that of the Tadpole; and certain 
]ieculiarities of the mandibular arch of Chimiera and the Dipnoi can perhaps 
best be explained on tlie supposition that the oral skeleton of these forms 
has arisen in a manner somewhat similar to that in the Frog ; though with 
reference to this point further developmental data are much required. 

On the other hand the above suppositions would necessitate our 
admitting that a great abbreviation has occurred in the development of 
the mandibular arch of the otherwise inoi*e j)riinibive Urodela; and that 
the simple mode of growth of the jaws in Elasmobraiichii, from tlie 
primitive mandibular arch, is phylogenetically a much abbreviated and 
modified process, instead of being, as usually sujrposed, a true record of 
ancestral history. 

If the view is accepted that the characters of the mandibular arch of 
the Tadpole are secondary, it will be necessary to admit that the adaptation 
of the mandibular arch to the suctorial mouth took place after the suctorial 
mouth had come to be merely a lar\ al organ. 

In view of our imperfect knowledge of the development of most Piscine 
skulls I would refrain from expressing a decided opinion in favour of 
either of these alternatives. 


As the tail of the Tadpole gradually disappears, and the meta- 



morphosis into the Frog 
becomes accomplished, the 
rnandibulararch undergoes 
important changes (fig. 
339) : the palato-pterygoid 
attachment ipapg) of the 
quadrate subocular bar be- 
comes gradually elongated ; 
and, as it is so, the front 
end of the subocular bar 
(su) rotates outwards and 
backwards, and soon forms 
a very considerable angle 
with the trabeculae. Tlie 


Fio. 389. Tadpole with tail beqiknino to 
SHRINK ; side view OF SKULL WITHOUT THE BRAN- 
CHIAL ARCHES. (From Parker.) 

n.c notochord ; au, auditozy capsule ; between 
it and eth, the low cranial side wall is seen ; eth. 
ethmoidal region ; bU stapes ; 6, trigeminal fora- 
men ; 2. optic foramen ; ol. olfactory capsules, both 
seen owing to slight tilting of the skuU ; c.tr. cornu 
trabeculae; u,L upper labial, in outline; bu. suspen- 
sorium (quadrate) ; pd, its pedicle ; ot.pr. its otic 
process; or.p. its orbitar process; t,m, temporal 
muBde, indicated by dotted lines passing ^eath 
the orbitar process; papg. palatopteiygoid bar; 
mk, Heokelian cartilage ; Lh lower labial, in out- 
line; c.k. oeratohyal; h,h, basihyaL The upper 
outline of the head is shewn by dotted lines. 


Meckelian cartilage [mk] 
at its free end becomes at 
the same time considerably 
elongated, lliese processes 
of growth continue till (fig. 
330) the palato-pterygoid 
bar {Pt) forms a subocular 
bar, and is considerably 
longer than the original 
subocular region of the 
quadrate; while the Meck- 
elian cartilage [Mck) has 
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assumed its permanent position on the hinder border of the no longer 
suctorial mouth, and has grown forwards so as nearly to meet its 
fellow in the median line. 

The metapterygoid region of the quadrate gives rise to a posterior 
and dorsal process (fig. 339, otpr), the end of which is constricted off 
as the tympanic annulus (fig. 340, a.t); while the proximal part of 
the process remains as the 
otic (metapterygoid) pro- 
cess, articulating with the 
auditory cartilage. 

The pedicle {pd) retains 
its orginal attachment to 
the skull. 

The palato-pterygoid 
soon becomes segmented 
into a transversely placed 
palatine, and a longitudi- 
nally placed pterygoid (fig. 

340). With the exception 
of a few ossifications, which 
present no features of 
special interest, the parts 
ot the mandibular arch Fio, 340^ YouNa Froo, near end op first 
have now reached their summer; upper view op skull, with lept man- 



final condition, which is 
not very different from4}hat 
in the Axolotl. 

Saoropsida. In the 
Sauropsida the modifica- 
tions of the hyoid and 
mandibular arches are 


DIBLE REMOVED, AND THE BIGHT EXTENDED OUTWARDS. 

(From Parker. ) 

h,o. basioccipital tract ; s.o. supraoccipital 
tract ; fo. frontal fontanclle ; e.n. external nostril ; 
internal to it, internasal plate; a.t. tympanic 
annulus. 

Bones: e. 0 . exoccipital; pr.o. prootic, partly 
overlapped by p. parietal ; /. frontal ; etk, rudi- 
ment of spheuethmoid ; na. nasal ; pmx. premax- 


fairly uniform. illary; nix. maxillary; pg. pterygoid, partly en- 

Thp Imvpr nnrt of tho sheathing the reduced cartilage ; quadratojugal ; 
me lower part 01 ine squamosal; ar. articular; d. dentary; m.mk. 

hyoid arch, including the mento-Meckelian. 

basihyoid, unites with the 

remnants of the arches behind to form the hyoid bone, to which it 


contributes the anterior cornu and anterior part of the body. 


The columella is believed by Huxley and Parker to represent, 
as in the Anura, the independent!^ developed dorsal (hyomandibular) 
element of the hyoid, together with tlie stapes with which it has 


become united \ 


* The strongest evidence in favour of Huxley’s and Parker’s view of the nature of 
the columella is the fusion in the adult Sphenodon of the upper end of the hyoii with 
the columella (vide Huxley, No. 445). From an examination of a specimen in the 
Cambridge museum I do not feel satisfied that the fusion is not sc^ondar^, but have 
not been able to examine the junction of the hyoid and columella in section. For a 
different view to that of Huxley Peters, “Ueb. d, Gehdrknochelchen u, ihr 
Verh&ltniss zu. Zungenbeinbogen b. Sphenodon.” Berlin Monatnherichte^ 1874. 
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The membranous mainlibular arch gives off in the embryos of all 
the Sauropsida an obvious bud ,to form the superior maxillary pro- 
cess, and the formation of this bud appears to represent the growth 
forwards of the pterygoid process in Elasmobranchii, which is indeed 
accompanied by the formation of a similar bud ; but the skeletal rod, 
which appears in the axis of this bud, is as a rule independent of 
that in the true arch (fig. 331, pa. pg). The former is the pterygo- 
palatine bar ; the latter the Meckelian and quadrate cartilages. 

The pterygo-palatine bar is usually if not always ossified directly, 
without the intervention of cartilage. 

Bom has recently shewn that Parker was niistiikeii in supposing that 
the pelato-pterygoid bone is cartilaginous in Birds. In the Turtle a short 
cartilaginous pterygoid process of the quadrate would seem to be present 
(Parker, No. 458). 

The quadrate and Meckelian cartilages are either from the first 
separate, or very early become so. 

The quadrate cartilage ossifies as the quadrate bone, and supplies 
the permanent articulation for the lower jaw. Its upper end exhibits 
a tendency to divide into two processes, corresponding with the 
pedicle and otic processes of the Amphibia. The Meckelian cartilage 
becomes soon covered by investing bones, and its proximal end ossifies 
as the articulare. The remainder of the cartilage usually disappears. 

Mammalia. The most extraordinary metamorphosis of the hyoid 
and mandibular arches occurs in the Mammalia, and has been in 
part known since the publication of the memoir of Reichert (No. 
461). 

Both the hyoid and mandibular arches develop at first more 
completely than in any of the other types above Fishes; and are 
articulated to each other above, while the pterygo-palatine bar is 
quite distinct. The main features of the subsequent development are 
undisputed, with the exception of that of the upper end of the hyoid, 
which is still controverted. The following is Parkers (No. 452) 
account for the Pig, which confirms in the main, the view originally 
put forward by Huxley (No. 445 ). 

The mandibular and hyoid arches are at first very similar (fig. 341 
mn and hg), their dorsal ends being somewhat incurved, and articu- 
lating together. 

In a somewhat later stage (fig. 342) the upper end of the man- 
dibular bar (mb), without becoming segmented from the ventral part, 
becomes distinctly swollen, and clearly corresponds to the quaarate 
region of other types. The ventral paii; of the bar constitutes the 
Meckelian cartilage (mk). 

The hyoid arch has in the meantime become segmented into two 
parts, an upper part (i), which eventually becomes one of the small 
bones of the ear — the incus — and a lower part which remains per- 
manently as the anterior cornu of the hyoid (sLh). The two parts 
continue to be connected by a ligament. 
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The incus is articulated with the quadrate end of the mandibular 
arch, and its rounded head 
comes in contact with the 
stapes (fig. 342, at) which 
is segmented from the fe- 
nestra ovalis. 

The main arch of the 
hyoid becomes divided into 
a hypohyal [hJi) below and 
a stylohyal {st h ) above, and 
also becomes articulated 
with the basal element of 
the arch behind (b/i). 

In the course of further 
development the Meckel- 
ian part of the mandibular 
arch becomes enveloped in 
a superficial ossification 
forming the dentary. Its 
upper end, adjoining the 
quadrate region, becomes 
calcified and then absorbed, 
and its lower, with the ex- 
ception of the extreme 
point, is ossified and sub- 
sequently incorporated in 
the dentary. 

The quadrate region remains relatively stationary in growth as 
compared with the adjacent parts of the skull, and finally ossifies to 
form the malleus bone of the ear. The processus gracilis of the 
malleus is the primitive 
continuation into Meckel’s 


pa ch 


Fio. 341. Embryo Pig, two-thiri>8 of an inch 
long; elements of the skull seen somewhat 
L iAGRAMMATiCALLY FROM BELOW. (From Parker. ) 

pa.ch. parachordal cartilage ; nc. notochord ; 
au. auditory capsule ; pij. pituitary body ; tr. tra- 
beculae ; c.tr. trabecular cornu ; pn. prenasal car- 
tilage ; e.n. external nasal opening ; ol. nasal cap- 
sule; p.pg. palatopterygoid tract enclosed in the 
maxillopalatine process; mn. mandibular arch; 
hp. hyoid arch; th.h. first branchial arch; 7a, 
facial nerve; 8a. glossopharyngeal ; 8&. vagus; 
9. hypoglossal. 


cartilage. 

The malleus and incus 
are at first embedded in 
the connective tissue ad- 
joiningthe tympanic cavity 
(hyornandibular cleft, vide 
p. 435) ; and externally to 
them a bone known as the 
tympanic bone becomes de- 
veloped so that they be- 
come placed between the 
tympanic bone and the 
periotic capsule. In late 
foetal life they become 
transported completely 
wdthin the tympanic cav- 



Fio. 342. Embryo Pig, an inch and a third 

LONG ; BIDE VIEW OF MANDIBULAR AND HYOID ARCHES. 
The MAIN HYOID ARCH IS SEEN AS DISPLACED BACK- 
WARDS AFTER SEGMENTATION FROM THE INCUS. (From 

Parker.) 

tg. tongue ; wiJt. Meckelian cartilage ; ml, body 
of malleus ; vib, manubrium or handle of the mal- 
leus; t.ty. tegmen timpani ; i, incus; st, stapes; 
i.hy, iuterhyal ligament ; sLk, stylohyal cartil^e ; 
U,h, hyiK>hyal ; b,h, basibranchial ; th,fi. rudiment 
of first branchial arch ; la, facial nerve. 
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ity, though covered by a reflection of the tympanic mucous mem- 
brane. 

The dorsal end of the part of the hyoid separated from the incus 
becomes ossified as the tympano-hyal, and is anchylosed with the 
adjacent parts of the periotic capsule. The middle part of the bar 
just outside the^skull forms the stylo-hyal (styloid process in Man) 
which is attached by ligament to the anterior cornu of the hyoid 
(cerato-hyal). 

While the account of the formation of the malleus, incus, and stapes 
just given is that usually accepted in this country, a somewhat diflerent 
view of the development of these parts has as a rule been adopted in 
Germany. Reichert (No. 461) held that both the malleus and the incus 
were derived from the mandibular bar ; and this view has been confirmed 
by Giinther, Kdlliker and other observers, and has l ecently been adopted 
by Salensky (No. 462) after a careful research especially directed towards 
this point. Reichert also held that the stapes was derived from the hy<'id 
bar ; but, though his observations on this point have been very widely 
accepted, they have not met with such universal recognition as his views 
on the origin of the malleus and incus. Salensky has recently arrived 
at a view, which is in accord with that of Parker, in so far as the indepen- 
dence of the stapes of both the hyoid and mandibular arches is concerned. 
Salensky however holds that it is formed from a mass of mesoblast 
surrounding the artery of the mandibular arch, and that the form of the 
stapes is due to its perforation by the mandibular artery. A product of 
this artery permanently perforates the stapes in a few Mammalia, though 
in the majority it atrophies. 

In view of the different accounts of the origin of the incus the exact 
nature of this bone must still be considered as an open question, but 
should Reichert’s view be confirmed the identification of the incus with 
the columella of the Amphibia and Sauropsida must be abandoned. 

Membrane hones and ossifications of the cranium. 

The membrane bones of the skull may be divided into two classes, 
viz. (1) those derived from dermal osseous plates, which as explained 
above (p. 447) are primitively formed by the coalescence of the 
osseous plates of scales; and (2) those formed by 'the coalescence of 
the osseous plates of teeth lining the oral cavity. Some of the 
bones sheathing the edge of the mouth have been formed partly by 
the one process and partly by the other. 

In the Fishes there are found all grades of transition between 
simple dermal scutes, and true subdermal osseous plates forming an 
integral part of the internal skeleton. Dermal scutes are best repre- 
sented in Acipenser and some Si!uroi<! Fishes. 

Where the membrane bones still retain the character of dermal 
plates, those on the dorsal surface of the cranium are usually arranged 
in a series of longitudinal rows, continuing in the region of the head 
the rows of dermal scutes of the tnink ; while the remaining cranial 
scutes are connected with the visceral arches. The dermal bones 
on the dorsal surface of the head are very different in number, 
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size, and arrangement in different types of Fishes; but owing to 
their linear disposition it is usually possible to find a certain num- 
ber both of the paired and unpaired bones which have a similar 
situation in the different forms. These usually receive the same 
names, but both from general considerations as to their origin, as 
well as from a comparison of different species, it appears to me 
probable that there is no real homology between these bones in 
different species, but only a kind of general correspondence \ 

It is not in fact till we get to the types above the Fishes that we 
can find a series of homologous dorsal membrane bones covering the** 
roof of the skull. In these types three paired sets of suc'i bones are 
usually present, viz. from behind forwards the parietals, frontals 
and nasals, the latter bounding the posterior surface of the external 
nasal opening. Even in the higher types these bones are liable to 
vary very greatly from the usual arrangement. 

Besides these bones there is usually present in the higher forms 
a lacrymal bone on the anterior margin of the orbit derived from 
one of a series of periorbital membrane bones frequently found in 
Fishes. Various supraorbital and postorbital bones, etc. are also 
frequently found in Lacertilia, etc. which are not impossibly phylo- 
genetically independent of the membrane bones inherited from Fishes ; 
and may have been evolved as bony scutes in the subdermal tissue 
of the papillae of the sauropsidan scales. 

The visceral arches of Fishes, especially of the Teleostei, are 
usually provided with a series of membrane bones. In the true 
branchial arches these take the form of dentigerous plates ; but no 
such plates are found in the Amphibia or Amni(>ta. 

The opercular flap attached to the hyoid arch is usuaFy supported 
by a series of membrane bones, which attain their highest develop- 
ment in the Teleostei. One of these bones, the prseopercular, is 
very constant and is primitively attached along the outer edge of the 
hyomandibular. It seems to be rebiined in Amphibia as a mem- 
brane bone, overlapping the attachment of the quadrate and known 
as the squamosal; though it is not impossible that this bone may 
be derived from a superficial membrane bone, widely distributed in 
Teleostei and Ganoids, which is known as the supra- temporal. In 
Dipnoi the bone which appears to be clearly homologous with the 
squamosal would seem from its position to belong to the series of 
dorsal plates, and therefore to be the supra-temporal ; but it is re- 
garded by Huxley (No. 446) as the priuopercular*. 

In the Amniota the squamosal forms an integral part of the 
osseous roof of the skull; but in the Sauropsida it continues, as in 
Amphibia, to be closely related to the quadrate. 

^ For some interesting remarks on the arrangement of these bones in Fishes, vide 
Bridge, “On the Osteology of Polyodon folium.” Phil, Tram,, 1878. 

* It is not impossible that the solution of the difficulty about the pr8BO]^rcular is 
to be ffiund by supposing that the pneoi^ercular as it exists in Teleostei is derived 
from a dorsal dermal plate, and that in the Dipnoi this plate retains more nearly than 
in Teleostei its primitive position. * 
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A larger series of persistent membrane bones are related to the 
mandibular, and its palato-quadrate process. 

Overlying the palato-quadrate process are two rows of bones, one 
row lying at the edge of the mouth, on the outer side of the pterygo- 
palatine process, and the other set on the roof of the mouth super- 
ficial to the pterygo-palatine process. 

The outer row is formed of the prsemaxilla, maxilla, jugal, 
and very often quadrato-jugal. Of these bones the maxilla and 
prjsmaxilla, as is more especially demonstrated by their ontogeny in 
the Urpdela, are partly derived from dentigerous plates and partly 
from membrane plates outude the mouth; while the jugal, and qna- 
drato-jugal when present, are entirely extra-oral. In the Amphibia 
and Amniota the pi-aimaxillse and maxillae are the most important 
bones in the facial region, and are quite independent of any cartila- 
ginous substratum. 

The second row of bones is clearly constituted in the Dipnoi and 
Amphibia by the vomer in front, then the palatine, and finally 
the pterygoid behind. Of these bones the vomer is never related 
to a cartilaginous tract below, while the palatines and pteryg(dds 
usually are so. The position and growth of the three bones in many 
Urodela (Axolotl) is especially striking (Hertwig. No. 442). In the 
Axolotl they form a continuous series, the vomer and palatine being 
covered by teeth, but the pterygoid being without teeth. The vomer 
and palatine originate from the united osseous plates of the bases o{ 
the teeth, while the pterygoid is in the first instance continuous with 
the palatine. 

Jn Teleostei, Amia, etc., there are dentigerous plates forming a 
palatine and pterygoid, w'hich in position, at any rate, closely cor- 
respond with the similarly named bones in Amphibia; and there is 
also a dentigerous vomer which may fairly be considered as equivalent 
to that in Amphibia. 

In the Amniota the three bones found in Amphibia are always 
present, but with a few exceptions amongst the Lacertilia and Ophi- 
dia, are no longer dentigerous. The cartilaginous bars, which in the 
lower tj’^pes are placed below the palatine and pterygoid membrane 
bones, are usually imperfectly or not at all developed. 

On MeckeFs cartilage important membrane bones are almost always 
grafted. On the outside and distal part of the cartilage a dentary is 
usually developed, which may envelope and replace the cartilage to a 
larger or smaller extent. Its oral edge is usually dentigerous. The 
splenial membrane bone is the most important bone on the inner side 
of Meckel's cartilage, but other elements known as the coronoid and 
angular may also be added. In Mammalia the dentary is the only 
element present {vide p. 485). 

On the roof of the mouth a median bone, the parasphenoid, is 
very widely present in the Amphibia and Fishes, except the Elasmo- 
branchii and Cyclostomata, and has no doubt the same phylogenetic 
origin as the vomer and membranous palatines and pterygoids. 
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It is less important in the Sanropsi<la, and becomes indistingiiish- 
ably fused with the sphenoid in the adult, while in Mammalia it is 
no longer found. 

Ossification of the Cartila^nons Craninm. In certain Fishes 
the cartilaginous cranium remains quite unossified, while completely 
enveloped in dermal bones. Such for instance is its condition in 
the Selachioid Ganoids. In most instances, however, the investment 
of the cartilaginous cranium by membrane bones is accompanied by 
a more or less complete ossification of the cartilage itself. 

Ill the Dipnoi this occurs to the smallest extent, the only ossifica- 
tions occurring in the lateral parts of the occipital region, and forming 
the exoccipitals. 

In Teleostei and bony Ganoids, a considerably greater number of 
ossifications occur in the cartilage. 

In the region of the occipital cartilaginous ring there appears a 
basioccipital and supraoccipital and two exoccipitals. The 
basioccipital is the only bone on the floor of the skull ossifying that 
part into which the notochord is primitively continued*. 

In the region of the periotic cartilage a large number of bones 
may appear. In front there is the proatic, which often meets the 
exoccipital behind ; behind there is above and in close connection 
with the supraoccipital the epiotic, and below in close connection 
with the exoccipital the opisthotic. On the dorsal side of the 
cartilage there is a projecting ridge composed mainly of a bone known 
as the pterotic, .sometimes erroneously called the squamosal, and 
continued in front by the sphenotic. The pterotic, or the cartilagi- 
nous region corresponding to it, always supplies the articular surface 
for the hyomandilmlar. 

In the floor of the skull, in tlie region of the pituitary body, there 
is formed a basisphenoid ; while in the lateral parts of the wall of 
this part of the cranium, there is a bone known as the alisphenoid. 

In front, parts of the lateral walls of the cranium ossify as the 
orbitosphenoids. 

In view of the very imperfect ossification of the cartilaginous 
cranium of the Dipnoi, and of the fact that there is certainly no direct 
genetic connection between the Teleostei on the one hand, and the 
Amphibia and Amiiiota on the other, it is very difficult to believe 
that most of the ossifications of the cranium in the Amphibia and 
Ainniota have more than a genial correspondence with those in the 
Teleostei. 

In the Amphibia the ossifications in the cartilage are comparatively 
few. In the occipital region there is a lateral ossification on each 
side of the exoccipital, the basioccipital region being unossified, and 
the supraoccipital at the utmost indurated by a calcareous deposit. 

The periotic capsule is ossified by a prootic centre, which meets 
the exoccipital behind. 

* The notochord appears aJao to enter into the posterior part of the region which 
ossifies as the babihphenoi<l. 
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The front part of the cartilaginous cranium is ossified by a com- 
plete ring of bone — ^the sphenethmoid bone — which embraces part of 
the ethmoid region, and of the orbitosphenoid and presphenoid regions. 

In the Amphibia the cartilaginous cranium, with its centres of 
ossification, is easily separable from the membranous investing bones. 

In the Amniota the cartilaginous cranium, whose development in 
the embryo has alreafly been described, becomes in the adult much 
more largely ossified, and the bones which replace the primitive 
cartilage unite with the membrane bones to form a continuous bony 
cmnium. 

The centres of ossification become again much more numerous. 
In the occipital segment analogous centres to those of Teleostei are 
again found ; and it is probable that the exoccipitals are homologous 
throughout the series, the supraoccipital and basioccipital bciies of 
the higher types being merely identical in position with the simi- 
larly named bones in Fishes. 

In the periotic there are usually three centres of ossification, first 
recognised by Huxley. These are the prootic, tlie epiotic and <ipistho- 
lic, the situations of which have already been defined. Of these the 
prootic is the most constant. 

In Reptiles, the prootic and opisthotic frequently remain distinct 
even in the adult. 

In Birds, the epiotic and opisthotic are early united with the 
supra- and exoccipital ; and at a later period the prootic is also in- 
distinguishably fused with the adjacent parts. 

In Mammals the three ossifications fuse into a c^mtinuous whole — 
the periotic bone — which may be partially united with the adjacent 
parts. 

In the pituitary region of the base of the cranium a pair of osseous 
centres or in the higher types a single centre (Parker 'j gives rise to 
the basisphenoid bone, and in front of this another basal or pair of 
basal ossifications foniis the presphenoid, while laterally to these two 
centres there are formed centres of ossification m the alisphenoid and 
«)rbitosphenoid regions, which may be extremely reduced in various 
Sauropsida, leaving the side walls of the skull almost entirely formed 
of membrane or cartilage. 

In the ethmoid region there may arise a median ossification form- 
ing the mesethmoid and lateral ossifications forming the lateral eth- 
moids or prefronta’s ; which may assist in forming the front wa’l of 
the brain-case, or be situated quite externally to the brain-case and 
be only related to the olfactory capsules. 

The Iftbial Cftrtilages* I^^ most Fishes a series of skeletal structures, 
known as the labial cartilages, sre developt'd at the front and sides of the 
mouth, and in connection with the olfactory capsules; and these cartilages 
still persist in connection with the olfactory capsules, though in a reduced 

^ According (o Kollikrr there are two centres in Man in both the basisphenoid and 
presphenoid. 
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form, in the higher types. They are more developed in the Cyclostomata 
than in any other Vertebrate type. 

The meaning of these cartilages is very obscure ; but, from their being in 
part employed to support the lips and horny teeth of the Cyclostomata and 
the Tadpole, I should be inclined to regard them as remnants of a primi- 
tive skeleton supporting the suctorial mouth, with which, on the grounds 
already stated (p. 263), I believe the ancestors of the present Vertebrata 
to have been provided. 
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CHAPTER XX. 

THE PECTORAL AND PELVIC GIRDLES AND THE 
SKELETON OF THE LIMBS. 


The Pectoral girdle. 

Pisces. Amongst Fishes the pectoral girdle presents itself in its 
simplest form in Elasmobranchii, where it consists of a bent baud 
of cartilage on each side of the body, of somewhat variable form, 
meetiug and generally uniting with its fellow ventrally. Its anterior 
border is in close proximity with the last visceral arch, and a trans- 
verse ridge on its outer and posterior border, forming the articular 
surface for the skeleton of the limb, divides it into a dorsal part, 
which may be called the scapula, and a ventral part which may be 
called the coracoid. 

In all the remaining groups of Fishes there is added to the car- 
tilaginous band, which may wholly or partially ossify, an osseous 
support composed of a series of membrane bones. 

In the types with such membrane bones the cartilaginous parts 
do not continue to meet ventrally, except in the Dipnoi where there 
is a ventral piece of cartilage, distinct from that bearing the articu- 
lation of the limb. The cartilage is moreover produced into two 
ventral processes, an anterior and a posterior, l)elow the articulation 
of the limb ; which may be called, in accordance with Gegeubaur’s 
nomenclature, the pra*coracoid and coracoid. Of these the prse- 
coracoid is far the most prominent, and in the majority of cases the 
coracoid can hardly be recognised. The coracoid process is however 
well developed in the Selachioid Ganoids, and the Siluroid Teleostei. 
In Teleostei the scapular region often ossifies in two parts, the smaller 
of which is named by Parker prsecoracoid, though it is quite distinct 
from Gegenbaurs praecoracoid. The membrane bones, as they pre- 
sent themselves in their most primitive state in Acipenser and the 
Siluroids, are dermal scutes embracing the anterior edge of the car- 
tilaginous girdle. In Acipenser there are three scutes on each side. 
A dorsal scute known as the supra-c la vide, connected above with 
the skull by the post-temporal; a middle piece or clavicle, and a 
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ventral or infra-clavicle (inter-clavicle), which meets its fellow 
below. 

In most Fishes the primitive dermal scutes have become sub- 
dermal membrane bones, and the infra-clavicle is usually not distinct, 
but the two clavicles form the most important part of the mem- 
branous elements of the girdle. Additional membrane bones (post- 
clavicles) are often present behind the main row. 

The development of these parts in Fishes has been but little 
studied. 

In Scyllium, amongst the Elasmobranchii, I find that each half of 
the pectoral girdle develops as a vertical bar of cartilage at the front 
border of the rudimentary fin, and externally to the muscle-plates. 

Before the tissue forming the pectoral girdle has acquired the cha- 
racter of true cartilage, the bars of the two sides meet ventrally by a 
diflferentiation in situ of the mesoblastic cells, so that, when the girdle 
is converted into cartilage, it forms an undivided arc, girthing the 
ventral side of the body. There is developed in continuity with the 
posterior border of this arc on the level of the fin a horizontal bar 
of cartilage, which is continued backwards along the insertion of the 
fin, and, as will be shewn in the sequel, becomes the metapterygium 
of the adult (figs. 344?, hp and 348, mp). With this bar the remain- 
ing skeletal elements of the fin are also continuous. 

The foramina of the pectoral girdle are not in the first instance 
formed by absorption, but by the non-development of the cartilage 
in the region of pre-existing nerves and vessels. 

The develo])inent of these parts in Teleostei has been recently investigated 
by *Swirski (No. 472) who finds in the Pike (Ksox) that the cartilaginous 
pectoral girdle is at first continuous with the skeleton of the fin. It forms 
a rod with a dorsal scapular and ventral coi-acoid process. An independent 
mass of cartilage gives rise to a pi*8ecoracoid, which unites with the main 
mass, forming a triradiate bar like that of Acipeuser or the Siluroids. The 
coracoid process becomes in the course of development gradually reduced. 

’Swirski concludes that the so-called prar^coracoid bar is to some extent 
a secondary element, and that the coracoid bar corresponds to the whole of 
the ventral part of the girdle of Elasmobranchii, but his investigations do 
not appear to me to be as complete as is desirable. 

Amphibia and Amniota. The pectoral girdle contains a more or 
less constant series of elements throughout the Amphibia and Am- 
niota; and the differences in stnfbture between the shoulder girdle 
of these groups and that of Fishes are so great that it is only possible 
to make certain general statements respecting the homologies of the 
parts in the two sets of types. 

The generally accepted view, founded on the researches of Parker, 
Huxley, and Gegenbaur, is to the effect that there is a primitively 
cartilaginous coraco-scapular plate, homologous with that in Fishes, 
and that the membrane bones in Fishes are represented by the 
clavicle and inter-clavicle in the JSauropsida and Mammfidia, which 
are however usuallj^ admitted to be absent in Amphibia. These 
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views have recently been challenged by G5tte (No. 466) and Hoff- 
mann (No. 467), on the ground ol a series of careful embryological 
observations; and until the whole subject has been worked over 
by other observers it does not seem possible to decide satisfactorily 
between the conflicting views. It is on all hands admitted that the 
scapulo-coracoid elements of the shoulder girdle are formed as a pair 
of cartilaginous plates, one on each side of the body. Tlie dorsal half 
of each plate becomes the scapula, which may subsequently become 
divided into a supra-scapula and scapula proper; while the ventral half 
forms the coracoid, which is not always separated from the scapula, 
and is usually divided into a coracoid proper, a praecoracoid, and an 
epicoracoid. By the conversion of parts of the primitive cartilaginous 
plates into membranous tissue various fenestrae may be formed in 
the cartilage, and the bars bounding these fenestrae both in the 
scapula and coracoid regions have received special names ; the ante- 
rior bar of the coracoid region, forming the praecoracoid, being espe- 
cially important. At the boundary between the scapula and the 
coracoid, on the hinder border of the plate, is placed the glenoid 
articular cavity to carry the head of the humerus. 

The grounds of difference between Gotte and Hoffmann and other 
anatomists concern especially the clavicle and inter-clavicle. The 
clavicle is usually regarded as a membrane bone which may become 
to some extent cartilaginous. By the above anatomists, and by 
Rathke also, it is held to be at first united with the coraco-scapular 
plate, of which it forms the anterior limb, free ventrally, but united 
dorsally with the main part of the plate ; and Gotte and Hoffmann 
hold that it is essentially a cartilage bone, whicli however in the 
majority of the Reptilia ossifies directly without passing through the 
condition of cartilage. 

The interclavicle (episteraum) is held by Gotte to be developed 
from a paired formation at the free ventral ends of the clavicles, but 
he holds views which are in many respects original as to its homo- 
logies in Mammalia and Amphibia. Even if Gotte’s facts are ad- 
mitted, it does not appear to me necessarily to follow that his 
deductions are correct. The most important of these is to the effect 
that the dermal clavicle of Pisces has no homologue in the higher 
types. Granting that the clavicle in these groups is in its first stage 
continuous with the coraco-scapular plate, and that it may become 
in some forms cartilaginous before ossifying, yet it seems to me all 
the same quite possible that it is genetically derived from the clavicle 
of Pisces, but that it has to a great extent lost oven in development 
its primitive characters, though these characters are still paitially 
indicated in the fact that it usually ossifies very early and partially 
at least as a membrane bone^. 

^ The of the clavicle going ont of its way, so to speak, to become cartilaginous 
before being ossified, may perhaps be explained by supposing that its close oonnei^on 
with the other parts of the shoulder girdle has caused, by a kind of infection, a change 
in its histological characters. 
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In timting the development of the j^ecboral girdle systematically it 
win be convenient to begin with the Amniota, which may be considered 
to fix the nomenclature of the elements of the shoulder girdle. 

LsX^rtiliSM The shoulder girdle is formed as two mem\>rsmous plates, 
from the dorsal part of the anterior border of each of which a bar projects 
(Rathke, Gotte), which free at its ventral end. This bar, which is usually 
(Gegenbaur, Parker) held to be indepen<lent of the remaining part of the 
shoulder girdle, gives rise to the clavicle and interclavicle. The scajmlo- 
coracoid plate soon becomes cartilaginous, while at the same time the 
clavicular bar ossifies directly from the membranous state. The ventral 
ends of the two clavicular bai-s enlarge to form two longitudinally placed 
plates, which unite together and ossify as the interclavicle. 

Parker gives a very different account of the interclavicle in Anguis. 
He states that it is formed of two pairs of bones ‘strapped on to the 
antero-inferior part of the prspsternum,’ which subsequently unite into 
one. 

ChBlonia. The Hhoulder girdle of the Chelonia is formed (Rathke) of 
a triradiate cartilage on each side, with one dorsal and two ventral limbs. 
It is admitted on all hands that the dorsal limb is the scapular element, 
and the posterior ventral limb the coracoid; but, while the anterior ventral 
limb is u.sually held to be the pi’secoracoid, Gotte and Hoffmann maintain 
that, in ^pite of its being formed of cartilage, it is homologous with the 
anterior bar of the primitive shoulder-plates of Lacertilia, and therefoi-e 
the homologue of the clavicle. 

Parker and Huxley (doubtfully) hold that the three anterior elements 
of the ventral plastron (entopiastron and ejuplastra) are homologous with the 
interclavicle and clavicles, but considering that these plates ap|>ear to belong 
to a secondary system of dermal ossifications peculiar to the Chelonia, this 
homology does not appear to me probable, 

AvdS. Tliere are very great differences of view as to the development 
of the ]iectoral arch <if Aves. 

About the presence in typical forms of the coraco-scapular plate and two 
independent clavicular bars all authors are agreed. With reference to the 
clavicle and interclavicle Parker (No. 468) finds that the scapular end of 
the clavicle attaches itself to and ossifies a mass of cartilage, which he 
regards as the mesoscapula, while the interclavicle is formed of a mass of 
tissue between the ends of the clavicles where they meet ventrally, which 
becomes the dilated plate at their junction. 

Gegenbaur holds that the two primitive clavicular bai’s are sim])ly 
clavicles, without any element of the scapula ; and states that the clavicles 
ai'e not entirely ossified from membrane, but that a delicate band of carti- 
lage precedes the osseous bars. He finds no interclavicle. 

Gotte and Rathke both state that the clavicle is at fii*st continuous with 
the coraco-scapular plate, but become j early separated, and ossifies entirely 
as a membrane bone. Giitte further states that the interclavicles are formed 
ns outgrowths of the median ends of the clavicles, which extend themselves 
at an early i^eriod of development along the inner edges of the two halves 
of the sternum. They soon separate from the clavicles, which subsequently 
meet to form the furculum ; while the interclavicular rudiments give rise, 
on the junction of the two halves of the sternum, to its ked^ and to the 
ligament connecting the furculum with the sternum. The observations of 



496 


THE PECTORAL GIRDLE, 


Gotte, which tend to shew the keel of the sternum is really an iuterclavicle, 
appear to me of great im()ortance. 

A prsecoracoid, partially sepamted from the coracoid by a space, is 
present in Struthio. It is formed by a fenestration of a primitively 
continuous cartilaginous coracoid plate (Holfnaiann). In Dromseus and 
Casuarius clavicles are present (fused with the scapula in the adult 
Dromseus), though absent in other Eatitae (Parker, etc.). 

Maxamalia* The coracoid element of the coraco>scapalar plate is 
much reduced in Mammalia, forming at most a simple process (except in the 
Ornithodelphia) which ossifies however separately'. 

With reference to tlie clavicles the same divergencies of opinion met 
with in other ty|)es are found here also. 

The clavicle is wtated by Rathke to be at first continuous with the 
coraco-scapular plate. It is however soon separated, and ossifies very early, 
ill the human embryo before any other bone. Gegenbaur however 
shewed that the human clavicle is provided with a central axis of 
cartilage, and this observation has been confirmed by Kolliker, and ex- 
tended to other Mammalia by Gotte. The mode of ossification is never- 
theless in many respects intermediate between that of a true cartilage bone 
and a membrane bone. The ends of the clavicles remain for some time, 
or even permanently, cartilaginous, and have been interpreted by Parker, 
it appear.^ to me on hardly sufficient grounds, as parts of the mesoscapula 
and prjBComcoid. Parkers so-called mesoscapula may ossify separately. 
The homologies of the episternum are much disputed. Gotte, who has 
worked out the development of the parts more fully than any other 
anatomist, finds that paired interclavicular elements grow out backwards 
from the ventral ends of the clavicles, and uniting together form a some- 
what T-shaped interclavicle overlying the fi ont end of the sternum. This 
condition is permanent in the Ornithodelphia, except that the anterior part 
of the stenium undergt>e8 atrophy. But in the higher forms the inter- 
clavicle becomes almost at once divided into three parts, of which the two 
lateral remain distinct, while the median element fuses with the subjacent 
part of the sternum and constitutes with it the prc.sternnm (manubrium 
stemi). If Gotte* s facts are to be trusted, and they have been to a large 
extent confirmed by Hoffmann, his homologies appear to be satisfactoiily 
established. As mentioned on p. 463 Ruge (No. 438) holds that Gotte is 
mistaken as to the origin of the presternura. 

Gegenbaur admits the lateral elements as parts of the interclavicle, 
while Parker holds that they are not [>arts of an interclavicle but are 
homologous with the oinosternum of the Frog, which is however held by 
Gotte to be a true interclavicle. 

AmpMbUU In Amphibia the two halves of the shoulder girdle are 
each formed as a continuous plate, the ventral or coracoid part of which is 
forked, and is composed of a larger posterior and a smaller anterior bar like 
process, united dorsal ly. In the Urodela the two remain permanently free 
at their ventral ends, but in the Anura they become united, and the 8|>ace 
between them then forms a fenestra. The anterior process is usually 

^ This process, known as the coracoid process, is held by Sabatier to be the 
praecoracoid ; while this author also holds that the upper third of the glenoid cavity, 
wliich ossifies by a special nucleus, is the true coracoid. The absence of a pneooracoid 
in the Ornithodelphia is to my mind a serious difficulty in the way of Sabatier's view\ 
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(G^genbaur, Parker) regarded as the prsBcoraooid, but G^otte has pointed 
out that in its mode of development it strongly resembles the clavicle of 
the higher forms, and behaves quite differently to the so-called prsecoracoid 
of LL^ds* It is however to be noticed that it differs from the clavicle in 
the fact that it is never segmented off from the coraco-scapular plate, a 
condition which has its only parallel in the equally doubtful case of the 
Chelonia. Parker holds that there is no clavicle present in the Amphibia, 
while Gegenbaur maintains that an ossification which appears in many of 
the Anura (though not in the Urodela) in the perichondrium on the 
anterior border of the cartilaginous bar above mentioned is the repre- 
sentative of the clavicle. Ootte’s observations on the ossification of this 
bone throw doubt upon this view of Gegenbaur ; while the fact that the 
cartilaginous bar may be completely enclosed by the bone in question 
renders Gegenbaur’s view, that there is present both a clavicle and prse- 
coracoid, highly improbable. 

No interclavicle is present in Urodela, but in this group and in a 
number of the Anura, a process grows out from the end of each of the 
bars (prsecoracoids) which Gotte holds to be the clavicles. The two pro- 
cesses unite in the median line, and give rise in front to the anterior 
unpaired element of the shoulder girdle (omostemum of Parker). They 
sometimes overlap the epicoracoids behind, and fusing with them bind 
them together in the median line. Parker who has described the paired 
origin of the so-called omostemum, holds that it is not homologous with 
the interclaviole, but compares it with his omostemum in Mammals. 
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Pdvic girdle. 

Pi 8068 . The pelvic girdle of Fishes is formed of a cartilaginous 
band, to the outer and posterior side of which the basal element of 
the pelvic fin is usually articulated. This articulation divides it 
into a dorsal iliac, and ventral pubic section. The iliac section never 
articulates with the vertebral column. 

In Elasmobranchii the two girdles unite ventrally, hut the iliac 
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section is only slightly developed. In ChimaBra there is a well deve- 
loped iliac process, but the pubic parts of the girdle are only united 
by connective tissue. 

In the cartilaginous Ganoids the pelvic girdle is hardly to be 
separated from the skeleton of the fin. It is not united with its 
fellow, and is represented by a plate with slightly developed pubic 
and iliac processes. 

In the Dipnoi there is a simple median cartilage, articulated with 
the limb, but not provided with an iliac process. In bony Ganoids 
and Teleostei there is on each side a bone meeting its fellow in the 
ventral line, which is usually held to be the rudiment of the pelvic 
girdle ; while Davidoflf attempts to shew that it is the basal element 
of the fin, and that, except in Polyptenis, a true pelvic girdle is 
absent in these types. 

From my own observations I find that the mode of development 
of the pelvic girdle in Scyllium is very similar to that of the pectoral 
girdle. There is a bar on each side, continuous on its posterior 
border with the basal element of the fin (figs. 345 and 347). This 
bar meets and unites with its fellow ventral ly before becoming con- 
verted into true cartilage, and though the iliac process {il) is never 
very considerable, yet it is better developed in the embryo than in 
the adult, an<l is at first directed nearly horizontally forwards. 

Amphibia and Amniota. The primitive cartilaginous pelvic 
girdle of the higher types exhibits the same division as that of Pisces 
into a dorsal and a ventral section, which meet to fonn the articular 
cavity for the femur, known as the acetabulum. The dorsal section 
is always single, and is attached by means of rudimentary ribs to 
the sacral region of the vertebral column, and sometimes to vertebra? 
of the adjoining lumbar or caudal regions. It always ossifies as the 
ilium. 

The ventral section is usually formed of two more or less separated 
parts, an anterior which ossifies as the pubis, and a posterior which 
ossifies as the ischium. The space between them is known as the 
obturator foramen. In the Amphibia the two parts are not separated, 
and resemble in this respect the pelvic girdle of Fishes. They gene- 
rally meet the corresponding elements of the opposite side ventrally, 
and form a symphysis with them. The symphysis pubis, and sym- 
physis ischii may be continuous (Mammalia, Amphibia). 

The observations on the development of the pelvic girdle in the 
Amphibia and Amniota are nearly as scanty as on those of Fishes. 

Amphibia. In the Amphibia (Bunge, No. 473) the two halves of 
the pelvic girdle are formed as independent masses of cartilage, which 
subsequently unite in the ventral line. 

In the Urodelous Amphibia (Triton) each mass is a simple plate of 
cartilage divided into a dorsal and ventral section by the acetabulum. 
The ventral parts, which are not divided into two regions, unite in a 
symphysis comparatively late. 

The dorsal section ossifies as the ilium. The ventral usually contains 
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a single ossification in its posterior part which forms the ischium; while 
the anterior part, which may be con'iidered as representing the pubis, 
usually remains cartilaginous; though Huxley (No. 475) states that it has 
a separate centre of ossification in Salamander, which however does not 
appear to be always present (Bunge). There is a small obturator foramen 
between the ischium and pubis, which gives passage to the obturator nerve. 
It is formed by the part of the tissue where the nerve is placed not be- 
coming converted into cartilage. 

There is a peculiar cartilage in the ventral median line in front of the 
pubis, which is developcil independently of and much later than the true 
parts of the pelvic girdle. It may be called the praepubic cartilage. 

Lacertilut. In Lacertilia the pelvic girdle is formed as a somewhat 
triradiate mass of cartilage on each side, with a dorsal (iliac) process, and two 
ventral (pubic and ischiad) processes. The acetabulum is placed on the 
outer side at the junction of the three processes, each of which may be 
considered to have a share in forming it. The ^distid ends of the pubis 
and ischium are close together when first f(U*med, but subsequently 
separate. Each of them unites at a late sta*ge with the corresponding 
process of the opposite side in a ventral symphysis. A centre of ossifica- 
tion appears in each of the three processes of the primitive cartilage. 

In Birds the parts of the pelvic girdle no longer develoi^ as a continu- 
ous cartilage (Bunge). Either the pul>is niay be distinct, or, as in the Duck, 
all the elements. The ilium early exhibits a short anterior process, but 
the pubis and ischium are at first placed with their long axes at light 
angles to that of the ilium, but gradually b(*come rotated so as to lie paral- 
lel with it, their distal ends pointing backwards, and not uniting ventrally 
excefiting in one or two Strutliious forms. 

Mammalia. In Mammalia the pelvic girdle is formed in cartilage 
as in the lower forms, but in Man at any rate the pubic part of the carti- 
lage is formed independently of the remaind(‘r (Rosenberg). There are 
the usual three centres of ossification, which unite eventually into a single 
bone — the innominate bone. The jmbis and ischium of each side unite with 
each other ventrally, so as completely to enclose the obturator foramen. 

Huxley holds that the so-called marsupial boTies of Monotrernes and 
Marsupials, which as shewn by Gegenl)aur (No. 474) are preformed in carti- 
lage, are homologous with the pnepubis of the Urodela; but considering 
the great gap between the Urodela and Mammalia this homology can only 
be regarded as tentjttive. He fut ther holds that the anterior prolongations 
of the cartilaginous ventral ends of the pubis of Cropodilia ar e also struc- 
tures of the same nature. 
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Compwriscm of Pectoral and Pelvic girdles. 

Throughout the Vertebrata a more or less complete serial homo- 
logy may be observed between the pectoral and pelvic girdles. 

In tne cartilaginous Fishes each girdle consists of a continuous 
band, a dorsal and ventral part being indicated by the articulation 
of the fin; the former being relatively undeveloped in the pelvic 
girdle, while in the pectoral it may articulate with the vertebral 
column. In the case of the pectoral girdle secondary membrane 
bones become added to the primitive cartilage in most Fishes, which 
are not developed in the case of the pelvic girdle. 

In the Amphibia and Amniota the ventral section of each girdle 
becomes divided into an anterior and a posterior part, the former 
constituting the praccoracoid and pubis, and the latter the coracoid 
and ischium ; these parts are however veiy imperfectly differentiated 
in the pelvic girdle of the Urodela. The ventral portions of the 
pelvic girdle usually unite below in a symphysis. They also meet 
each other ventrally in the case of the pectoral girdle in Amphibia, 
but in most other types are separated by the sternum, which has no 
homologue in the pelvic region, unless the praepubic cartilage is to 
be regarded as such. The dorsal or scapular section of the pectoral 
girdle remains free; but that of the pelvic girdle acquires a firm 
articulation with the vertebral column. 

If the clavicle of the higher types is derived from the mem- 
brane bones of the pectoral girdle of Fishes, it has no homologue in 
the pelvic ^rdle; but if, as Gotte and Hoffmann suppose, it is a part 
of the primitive cartilaginous girdle, the ordinary view as to the 
serial homologies of the ventral sections of the two girdles in the 
higher types will need to be reconsidered. 

Limbs. 

It will be convenient to describe in this place not only the de- 
velopment of the skeleton of the limbs but also that of the limbs 
themselves. The limbs of Fishes are moreover so different from those 
of the Amphibia and Amniota that the development of the two types 
of limb may advantageously be treated separately. 

In Fishes the fimt rudiments of the limbs appear as slight longi- 
tudinal ridge-like thickenings of the epiblast, which closely resemble 
the first rudiments of the unpaired fins. 

These ridges are two in number on each side, an anterior imme- 
diately behind the last viweral fold, and a posterior on the level 
of the cloaca. In most Fishes they are in no way connected, but 
in some Elasmobranch embryos, more especially in Torpedo, they 
are connected together at their first development by a line of 
columnar epiblast cells*. This connecting line of columnar epiblast 
is a very transitory structure, and after its disappearance the rudi- 
mentary fins become more prominent, consisting (fig. 343, b) of a pro- 
jecting ridge both of epiblast and mesoblast, at the outer ^ge of 
' F. M. Balfour. Monograph on FAasmohranek Fiihe$, pp. 101—2. 
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which is a fold of epiblaat only, which soon reaches considerable 
dimensions. At a later stage the mesoblast jjenetrates into this fold 
and the fin becomes a simple ridge 
of mesoblast, covered by epiblast. 

The pectoral fins are usually con- 
siderably ahead of the pelvic fins in 
development 

For the remaining history it is 
necessary to confine ourselves to 
Scyllium as the only type which has 
been adequately studied. 

The direction of the original ridge 
which connects the two fins of each 
side is nearly though not quite longi- 
tudinal, sloping somewhat obliquely 
downwards. It thus comes about 
that the attachment of each pair of 

limbs is somewhat on a slant, and „ ^>10 o 

. 1 . 1 • • 1 X r Fig. 343. Section through the 

that the pelvic pair nearly meet each ventral part of the trunk op a 

other in the median ventral line a tgung embryo op Scyllium at the 



little way behind the anus. 

The elongated ridge, forming the 
rudiment of each fin, gradually pro- 
jects more and more, and so becomes 
broader in proportion to its length, 
but at the same time its actual at- 


level of the umbilical cord. 

X £ :3 . 
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tery; uv. vitelline vein; aL duode- 
num; I, liver; sd, opening of seg- 
mented duct into the body cavity; 
mp, muscle plate; um, umbili^ 
canal. 


tachment to the side of the body 

becomes shortened from behind forwards, so that what was originally 
the attached border becomes in part converted into the posterior border. 
This process is much more completely carried out in the case of the 
pectoral fins than in that of the pelvic, and the changes of form 
undergone by the pectoral fin in its development may be gathered 
from fij^. 344 and 348. 

Before proceeding to the development of the skeleton of the fin 
it may be pointed out that the connection of the two rudimentary 
fins by a continuous epithelial line suggests the hypothesis that they 
are the remnants of two continuous lateral fins*. 


Shortly after the view that the paired fins were remnants of con- 
tinuous lateral fins had been put forward in my memoir on Elasmo- 
branch Fishes, two very interesting papers were published by Thacker 
(No. 489) and Mivart (No. 484) advocating this view on the entirely 
independent grounds of the adult structure of the skeleton of the 
pairra fins in comparison with that of the unpaired fins*. 


^ Both MabUse and Humphry {Journal of Anat, and Phys.^ VoL v.) had previoasly 
BUggested that ibe paired fins were related to tbe unpaired fins. 

* Bavidoff in a Memoir (No. 477) wbiob forms an important eontribntion to onr 
knowledge of tbe stmoture ox tbe pelvio fins bas attempts from bis observations to 
deduce certain arguments against the lateral fin theory of the limbs. His main 
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The development of the skeleton has unfortunately not been as 
yet very fully studied. 1 have however made some investigations 
on this subject on Scylliura, and 'Swirski has also made some on the 
Pike. 

In Scyllium the development of both the pectoral and pelvic fins 
is very similar. 

In both fins the skeleton in its earliest stage consists of a bar 
springing from the posterior side of the pectoral or pelvic girdle, 
and running backwards parallel to the long axis of the body. The 
outer side of this bar is continued into a plate which extends into 
the fin, and which becomes very early segmented into a series of 
parallel rays at right angles to the longitudinal bar. 

In other words, the primitive skeleton of both the fins consists of 
a longitudinal bar running along the base of the fin, and giving off at 
right angles series of rays which pass into the fin. The longitudinal 
bar, which may be called the basi pterygium, is moreover continuous 

ill fn)nt wilh the pectoral 
or pelvic girdle as the case 
may be. 

The primitive skeleton 
of the pectoral fin is shewn 
in longitudinal section in 
fig. 344, and that of the 
pelvic fin at a slightly later 
stage in fig. 345. 

A transverse section 
shewing the basi pterygium 
(mpt) of the pectoral fin, 
and the plate passing from 
it into the fin, is shewn in 
fig. 346. 

Before proceeding to 
describe the later history 
of the tw^o fins it mav be 
bection;/. foramen in pectoral girdle; pc, wall well to point out that their 
of peritoneal cavity. embryonic structure com- 








344 . Pectoral fin of a young embryo of 
Scyllium in longitudinal and hoiuzontal sec- 
tion . 

The skeleton of the fin was still in the condition 
of embryonic cartilage. 

6.p. basipterygium (eventual metapterygium); 

/V. fin rflVK ! n mriUo in f ra ikivat’la 


argument is based on the fact that a variable but often considerable number of the 
spinal nerves in front of the pelvic fin are united, by a longitudinal commissure, with 
the true plexus of the ner\e8 supplying the fin. From this he concludes that the pdvic 
fin has shifted its position, and that it may once therefore have been situated close 
l>ehind the visceral arches. If this is the strongest argument which can he brought 
against the theoiy advocated in the text, there is I trust a considerable chance of its 
being generally accepted. For even granting that Davidoll’s deduction from the 
character of the pelvic plexus is correct, there is, so far as I see, no reason in the 
nature of the lateral fin theoiy why the pelvic fins should not have shifted, and on the 
other hand the longitudinal cord connecting some of the spinal nerves in front of the 
I^lvic fan may have another explanation. It might for instance be a remnant of the 
time when the pelvic fin had a more elongated form than at present, and accordingly 
extended further forwards. 

In any case our knowledge of the nature and origin of nervous plexuses is far too 
imperiect to found upon their character such conclusions as those of Davidoff. 
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pletely supports the view which has been arrived at from the con- 
sideration of the soft parts of the fin. 

My observations shew that the embryonic skeleton of the paired 
fin consists of a series of parallel 
rays similar to those of the un- 
paired fins. These rays support 
the soft part of the fin which has 
the form of a longitudinal ridge, 
and are continuous at their base 
with a longitudinal bar, which may 
very probably be due to secondary 
development. As pointed out by 
Mivart, a longitudinal bar is also 
occasionally formed to support the 
cartilaginous rays of unpaired fins. 

The longitudinal bar of the paired 
fins is believed by both Thacker 
and Mivart to be due to the coa- 
lescence of the bases of primitively 
independent rays, of which they believe the fin to have been originally 
composed. This view is probable enough in itself, but there is no 
trace in the embryo of the bar in question being formed by the 
coalescence of rays, though the fact of its being perfectly continuous 
with the bases of the rays is somewhat in favour of this view*. 

A point may be noticed here which may perhaps appear to be a 
difficulty, viz. that to a considerable extent in the pectoral, and to some 
extent in the pelvic fin the embryonic cartilage fi*om which the fin-rays 
are developed is at first a continuous lamina, which subsequently segments 
into mys. I am however inclined to regard this merely as a result of the 
mode of conversion of the indifferent inesoblast into cartilage ; and in any 
case no conclusion adverse to the above view can be drawn from it, since 
I find that the rays of the unpaired fin are similarly segmented from a 
continuous lamina. In all cases the segmentation of the rays is to a lai'ge 
extent completed before the tissue in question is sufficiently differentiated 
to be called cartilage by an histologist. 

Thacker and Mivart both hold that the pectoral and pelvic girdles 
have been evolved by ventral and dorsal growths of the anterior end 
of the longitudinal bar supporting the fin-rays. 

There is, so far as 1 see, no theoretical objection to be taken to 
this view, and the fact of the pectoral and pelvic girdles originating 
continuously, and long remaining united with the longitudinal bars of 
their respective fins is in favour of rather than against this view, 

^ Thacker more especially founds his view on the adult form of the pelvic fins in 
the cartilaginous Ganoids; Polyodon, in which the part which constitutes the basal 
plate in other forms is divided into separate segments, being mainly relied on. It is 
possible that tbe segmentation of tliis plate, as maintained by Gegenbaur and Davidoff, 
in secondary, but Thacker's view that the segmentation is a primitive character seems 
to me, in the absence of definite evidence to the reverse, the more natural one. 



Fig. 345 . Pelvic fin of a very young 

FEMALE EMBRYO OF ScYLLIUM STELLARE. 

hb. basipterygium ; pw. pubic process 
of pelvic giidle ; iU iliac process of pelvic 
girdle. 
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The same may be said of the &ct that the first part of each girdle 
to be formed is that in the neighbourhood of the longitudinal bar 
(basipterygium) of the fin, the dorsal and ventral prolongations being 
subsequent growths. 

The later development of the skeleton of the two fins is more 
conveniently treated separately. 

The mlvic fin. The changes in the pelvic fin are comparatively 
slight. The fin remains through life as a nearly horizontal lateral 
projection of the body, and the longitudinal bar — the basipterygium 
— at its base always remains as such. It is for a considerable 
period attached to. the pelvic girdle, but eventually becomes seg- 
mented from it. Of the fin rays the anterior remains directly articu- 
lated with the pelvic girdle on the separation of the basipterygium 
(fig. 347), and the remaining rays finally become segmented from the 



FlO. 846. TEAKBYBBSE BBCTIOK THBOUOH TBB pectoral fib of a IOUMO EBBBIO OF 

SCTLLIUM STELLABE. 

Jiipt. basiptexygial bar (metapteiygium) ; /r. fin ray ; m. muscles ; hf. homy fibres. 

basipterygium, though they remain articulated with it. They also 
become to some extent transversely segmented. The posterior end 
of the basipteiygial bar also becomes segmented o£f as the terminal 
ray. 

The pelvic fin thus retains in all essential points its primitive 
am^ement. 

pectoral fin. ^ The earliest stage of the pectoral fin differs 
from that of the pelvic fin only in minor points. There is the same 
longitudinal or basipterygial bar to which the fin-rays are attached, 
whose position at the b^e of the fin is clearly seen in the transverse 
section (fig. 346, mpt). In front the bar is continuous with the pec- 
toral girdle (figs. 844 and 848). 



LIMBS. 


505 


The changes which take place in the course of the further develop- 



Fio. 347. Pelvic fin of a young male embryo of Scyllium btellabe. 
hp, basipterygium ; m.o. process of basipterygiom continued into clasper ; iL iliac 
process of pectoral girdle ; pu, pubis. 


ment are however very much more considerable in the case of the 
pectoral than in that of the pelvic fin. 


By the process spoken of 
above, by which the attach- 
ment of the pectoral fin to 
the body wall becomes short- 
ened from behind forwards, 
the basipterygial bar is gra- 
dually rotated outwards, its 
anterior end remaining at- 
tached to the pectoral girdle. 
In this way this bar comes to 
form the posterior border of 
the skeleton of the fin (figs. 
348 and 349 mp), constituting 
what Gegenbaur called the 
metapterygium, and even- 
tually becomes segmented off 
from the pectoral girdle, 
simply articulating with its 
hinder edge. 

The plate of cartilage, 
which is continued outwards 



848. Pectoral fin of an embbto of Sotl- 


from the basiptery^um, or 
as we may now <^1 it, the 
metapterygium, into the fin, 
is not nearly so completely 


LIUM BTELLABE. 

a . xnetapterygium (basipteiygilun ol earlier 
; mep, rudiment of future pro* and meao- 
ptexygium ; «c. out surface ol scapular process; 
er, coracoid process ; /r. foramen ; /. homy fibres. 
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divided up into fin-rays as in the case of the pelvic fin, and this is 
especially the case with the basal part of the plate. This basal part 
becomes in fact at first only divided into two parts (fig. 348) a small 
anterior part at the front end (mc.p), and a larger posterior along 
the base of the remainder of the fin. The anterior part directly 
joins the pectoral girdle at its base, resembling in this respect 
the anterior fin-ray of the pelvic girdle. It constitutes the rudiment 
of the mesopterygium and propterygium of Gegenbaur. It bears 
four fin-rays at its extremity, the anterior not being well marked. 
The remaining fin-rays are borne by the edge of the plate continuous 
with the metapterygium. 

The further changes in the cartilages of the limb are not impor- 
tant, and are easily understood by reference to fig. 349 representing 
the limb of a nearly full-grown embryo. The front end of the ante- 
rior basal cartilage becomes segmented off as a propterygium, bearing 
a single fin-ray, leaving the remainder of the cartilage as a mesopte- 
rygium. The remainder of the now considerably segmented fin-rays 
nre borne by the metapterygium. 

The mode of development of the pectoral fin demonstrates that, 
as supposed by Mivart, the metapterygium is the homologue of the 
basal cartilage of the pelvic fin. 

From the mode of development of the fins of Scy Ilium conclusions 
may be drawn adverse to the views recently put foi ward on the struc- 
ture of the fin by Gegenbaur and Huxley, both of whom consider the 
primitive type of fin to be most nearly retained in Ceratodus, and to 
consist of a central multisegniented axis with numerous rays. Gegenbaur 
deiives the ELismobranch pectoral fin from a form which he calls the 
archipterygium, nearly like that of Ceratodus, with a median axis and two 
rows of rays ; but holds that in addition to the rays attached to the median 
axis, which are alone found in Ceratodus, there were other rays directly 
articulated to the shoulder-girdle. He considers that in the Elasmobmuch 
fin the majority of the lateral rays on the posterior (median or inner 
according to his view of the position of the limb) side have become 
aborted, and that the centml axis is represented by the metapterygium ; 
while the pro- and mesopterygium and their rays are, he believes, derived 
from those rays of the archipterygium which originally articulated directly 
with the shoulder-girdle. 

Gegenbaur’s view appears to me to be absolutely negatived by the facts 
of development of the pectoral fin in Scylliurn ; not so much because the 
pectoral fin in this form is necessarily to be regarded as primitive, but 
because what Gegenbaur holds to be the primitive axis of the biserial fin 
is demonstrated to be really the base, and it is only in the adult that it is 
conceivable that a second set of lateral mys could have existed on the 
posterior side of the metapterygium. If Gegenbaur’s view were coiTect 
we should expect to find in the embryo, if anywhere, traces of the second 
set of lateral rays ; but the fact is that, as may easily be seen by an inspec- 
tion of figs. 344 and 346, such a second set of lateral rays could not pos- 
sibly have existed in a type of fin like that found in the embryo*. With 

^ If, which I very much doubt, Gegenbaur is right in regarding certain rays found 
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this view of Gegenbaur^s it appears to me that the theory held by this 
anatomist to the effect that the limbs are modified gill arches also fails ; iu 
that his method of deriving 


the liml>s from gill arches 
ceases to be admissible, while 
it is not easy to see how a 
limb, formed on the type of 
the embryonic limb of Elas- 
mobranchs, could be derived 
from a visceral arch with its 
branchial rays*. 

Gegeni»aur*s older view 
that the Elasmobranch fin 
retains a primitive uniserial 
ty[>e appears to me to be 
nearer the truth than his 
more recent view on this 
subject ; though I hold that 
the fundamental point estab- 
lished by the development 
of these parts in Scylliuin is 
tliat the posterior border of 



Fig. 349 . Skeleton op the pectoral pin and 

PART OF PECTORAIi GIRDLE OP A NEARLY RIPE EMBRYO 
OF SCYLLIUM STELLARE. 

nip, metapterygium ; me.p. mesopterygium ; 
pp, propterygium ; cr, coracoid process. 


the adult Elasmobranch fin 


is the primitive base line, i.e. the line of attachment of the fin to the side 
of the body. 

Huxley holds that the mesopterygium is the proximal piece of the axial 
skeleton of the limb of Ceratodus, and derives the Elasmobranch fin from 
that of Cemtodus by the shortening of its axis and the coalescence of some 
of its elements. The secondary character of the mesopterygium, and its 
total absence in the embryo Scylliuin, appears to me as conclusive against 
Huxley^s view, as the character of the embryonic fin is against that of 
Gegeubaur ; and I sliould be much more inclined to hold that the tin of 
Ceiutodus has been derived from a tin like that of the Elasmobranchii by 
a series of steps similar to those which Huxley supposes to have led to the 
establishment of the Elasmobranch fin, but in exactly the reverse order. 

With reference to the development of the pectoral fin in the Teleostei 
there are some observations of ’Swirski (No. 488) which unfortunately do 
not throw very much light ujmii the nature of the limb. 

^Swirski finds that in the Pike the skeleton of the limb is formed of a 


plate of cartilage, continuous with the pectoral girdle; which soon becomes 
divided into a proximal and a distal portion. The former is subsequently 
segmented into five basal rays, and the latter into twelve parts, the number 
of which subsequently becomes reduced. 


in some Elasmobranch pectoral fins as rudiments of a second set of rays on the 
posterior side of the mctapterygium, these rays will have to be regarded as structures 
in the act of being evolved, and not as persisting traces of a biserial fin. 

^ Some arguments in favour of Gegenbaur*s theory adduced by Wiedershmm aS 
a result of his researches on Protopterus are interesting. The attachment which he 
describes between the external gills and the pectoral girdle is no doubt remarkable, 
but I would suggest that the observations we have on the vascular supply of these 
gills demonstrate that this attachment is secondary. 
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These investigations might be regarded as tending to shew that the 
basipterygium of Elasmobranchii is not represented in Teleostei^ owing to 
the fin rays not having united into a continuous basal bar, but the ob^r- 
vations are not sufficiently complete to admit of this conclusion being 
founded upon them with any certainty. 

The cheiropterygium. 

Observations on the early development of the pentadactyloid 
limbs of the higher Vertebrata are comparatively scanty. 

The limbs arise as simple outgrowths of the sides of the body, 
formed both of epiblast and mesoblast. In the Amniota, at all 
events, they are processes of a special longitudinal ridge known as 
the Wolffian ridge. In the Amniota they also bear at their ex- 
tremity a thickened cap of epiblast, which may be compared with 
the epiblastic fold at the apex of the Elasmobranch fin. 

Both limbs have at first a precisely similar position, both being 
directed backwards and being parallel to the surface of the body. 

In the Urodela (Gotte) the ulnar and fibular sides are primitively 
dorsal, and the radial and tibial ventral : in Mammalia however 
Kolliker states that the radial and tibial edges are from the first 
anterior. 

The exact changes of position undergone by the limbs in the 
course of development are not fully understood. To suit a terres- 
trial mode of life the flexures of the two limbs become gradually 
more and more opposite, till in Mammalia the corresponding joints 
of the two limbs are turned in completely opposite directions. 

Within the mesoblast of the limbs a continuous blastema becomes 
formed, which constitutes the first trace of the skeleton of the limb. 
The corresponding elements of the two limbs, viz. the humerus and 
femur, radius and tibia, ulna and fibula, carpal and tarsal bones, 
metacarpals and metatarsals, and digits, become differentiated within 
this, by the conversion of definite regions into cartilage, which may 
either be completely distinct or be at first united. These cartilagi- 
nous elements subsequently ossify. 

The later development of the parts, more especially of the carpus and 
tarsus, has been made the subject of considerable study j and important 
results have been thereby obtained as to the homology of the various 
carpal and tarsal bones throughout the Yertebrata; but ^is subject is too 
special to be treated of here. The early development, including the suc- 
cession of the growth of the different parts, and the extent of continuity 
primitively obtaining between them, has on the other hand been but little 
investigate ; recent^ however the development of the limbs in the Uro- 
dela has been workea out in this way by two anatomists, Gotte (No. 482) 
and Strasser (No. 487), and their r^ults, though not on all points in com- 
plete harmony, are of considerable interest, more especially in their bearing 
on the derivation of the pentadactyloid limb from the piscine fin. Till 
however further investigations of the same nature have been made upon 
other types, the conclusions to be drawn from Gotte and Strasser’s obserra- 
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tions must be regarded as somewhat provisional, the actual interpretation 
of various ontological processes being very uncertain. 

The forms investigated are Triton and Salamandra. We may remind 
the reader that the hand of the Urodela has four digits, and the foot five, 
the fifth digit being absent in the hand^ In Triton the proximal row of 
carpal bones consists (uKing Gegenbaur’s nomenclature) of (1) a radiale, and 
(3 and 3) an intermedium and ulnare, partially united. The distal row is 
formed of four carpals, of which the first often does not support the fii*st 
metacarpal ; while the second articulates with both the first and second 
metacarpals. In the foot the proximal row of tarsals consists of a tibiale, 
an intermedium and a fibulare. The distal row is formed of four tarsals, the 
first, like that in the hand, often not articulating with the first metatarsal, 
the second supporting the first and second metatarsals ; and the fourth the 
fourth and fifth metatarsals. 

The mode of development of the hand and foot is almost the same. The 
most remarkable feature of development is the order of succession of the 
digits. The two anterior (radial or tibial) are formed in the first instance, 
and then the third, fourth and fifth in succession. 

As to the actual development of the skeleton Strasser, whose observa- 
tions were made by means of sections, has arrived at the following result^. 

The humerus with the radius and ulna, and the corresponding parts in 
the hind limb, are the first parts to be dififerentiated in the continuous plate 
of tissue from which the skeleton of the limb is formed. Somewhat later 
a cartilaginous centre appears at the base of the first and second fingers 
(which have already ap]ieared as prominences at the end of the limb) in the 
situation of the permanent second carpal of the distal row of carpals ; and 
the process of chondrification spreads from this centre into the fingers and 
into the remainder of the carpus. In this way a continuous carpal plate 
of cartilage is established, which is on the one hand continuous with the 
cartilage of the two metacarpals, and on the other with the radius and 
ulna. 

In the cartilage of the carpus two special columns may be noticed, the 
one on the radial side, most advanced in development, being continuous 
with the radius ; the other less developed column on the side of the ulna 
being continuous both with the ulna and with the radius. The ulna 
and radius are not united with the humerus. 

In the further gixjwth the tliiixl and fourth digits, and in the foot the 
fifth digit also, gradually sprout out in succession from the ulnar side of the 
continuous carpal plate. The carpal plate itself becomes segmented from 
the radius and ulna, and divided up into the carpal bones. 

The original radial column is divided into three elements, a proximal 
the radiale, a middle element the first carpal, and a distal the second carpal 
already spoken of. The first carpal is thus situated between the basal 
cartilage of the second digit and the radiale, and would therefore 
appear to be the representative of a primitive middle row of 
carpal bones, of which the centrale is also another represen* 
tative. 

The centrale and intermedium are the middle and proximal products of 
the segmentation of the ulnar column of the primitive carpu^ the distal 
second cai*pal being common both to this column and to the radial column. 

1 This seems to me clearly to follow from Gotte and Strasser's observations. 
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The alnar or fibular side of the carpus or tar«u8 becomes divided into a 
proximal element — the ulnare or filnilare — the ulnare remaining partially 
united with the intermedium. There are also formed from this plate two 
carpals to articulate with digits 3 and 4; while in the foot the corre- 
sponding elements articulate res^rectively with the third digit, and with 
the fourth and fifbli digits. 

Gotte, whose observations were made in a somewhat different method 
to those of Strasser, is at variance with him on several points. He finds 
that the primitive skeleton of the limb consists of a basal portion, the 
humerus, continued into a radial and an ulnar ray, which are respectively 
pi*olonged into the two first digits. The two rays next coalesce at the 
base of the fingers to form the carpus, and thus the division of the limb 
into the brachium, antebrachium and manus is effected. 

The ulna, which is primitively prolonged into the second digit, is sub- 
sequently separated from it and is prolonged into the third ; from the 
bide of the part of the carpus connecting the ulna with the third digit 
the fourth digit is eventually budded out, and in the foot the fourth and 
fifth digits arise from the corresponding region. Each of the three columns 
conneeted respectively wdth the first, second, and third digits becomes 
divided into three successive carpal bones, so that Gotte holds the skeleton 
of the hand or foot to be formed of a jmoximal, a middle, and a distal row 
of carpal bones each containing potentially three elements. The ])roximal 
row is formed of the radiale, intermedium and ulnare; the middle row of 
carpal 1, the centrale and carpal 4, and the distal of carpal 2 (consisting 
according to Gotte of two coalesced elements) and carpal 3. 

The derivation of the Cheiropteryginm from the Ichthyopterygium» All 
anatomists are agreed that the limbs of the higher Vertebrata are derived 
from those of Fishes, but the gulf between the two types of liml)s is so 
great that there is room for a very great diversity of opinion as to the 
mode of evolution of the cheiropterygium. The most important speculations 
on the subject are those of Gegenbaur and HuxU^y. 

Gegenbaur holds that the cheiropterygium is. derived from a uniserial 
piscine limb, and that it consists of a primitive stem, to which a series of 
lateral rays are attached on one (the ulnar) side ; while Huxley holds that 
the cheiropterygium is derived from a biserial piscine limb by “ the length- 
ening of the axial skeleton, accompanied by the i*emoval of its distal 
elements further away from the shoulder-girdle and by a diminution in the 
number of the rays.” 

Neither of these theories is founded upon ontology, arid the only onto- 
logical evidence we have which bears on this question is that above re- 
corded with reference to the development of the Urodele limb. 

Without holding that this evidence can be considered as in any way 
conclusive, its tendency would appear to me to be in favour of regarding 
the cheiropterygium as derived from a uniserial type of fin. The humerus 
or femur would appear to l>e the basipterygial bars (metapterygium), which 
have become directed outwards instead of retaining their original position 
parallel to the length of the body at the base of the fin. The anterior 
(proximal) fin-rays and the pro- and mesopterygium must be supposed* 
to have become al>orted, while the radius or ulns, and tibia or fibula are 
two posterior fin-rays (probably each representing several coalesced rays 
like the pro- and mesopterygium) which support at tlieir distal extremities 
more numerous fin-rays consisting of the rows of car[>al and taitnl bones. 
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This view of the cheiropterygium correRponds in some respects with that 
put forward by Gbtte as a result of his investigations on the development 
of the Urodele limbs, though in other respects it is very different. A diffi- 
culty of this view is the fact that it involves our supposing that the radial 
edge of the limb corresponds with the metapterygial edge of the piscine 
fin. The difficulties of this position have been clearly pointed out by 
Huxley, but the fact that in the primitive position of the Urodele limbs 
the radius is ventral and the ulna dorsal shews that this difficulty is not 
insuperable, in that it is easy to conceive the ladial border of the 6n to 
have become rotated from its primitive Elasmobranch position into the 
vertical ]:K)8ition it occupies in the embryos of the Urodela, and then to 
have been further rotated from this posiUcm into that which it occupies 
in the adult Urodela and in all higher forms. 
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CHAPTER XXI. 


THE BODY CAVITY, THE VASCULAR SYSTEM, AND 
THE VASCULAR GLANDS. 


The body cavity. 

In the Coelenterata no body cavity as distinct from the alimentary 
cavity is present ; but in the remaining Invertebrata the body cavity 
may (1) take the form of a wide space separating the wall of the gut 
from the body wall, or (2) may be present in a more or less reduced 
form as a number of serous spaces, or (3) only be represented by 
irregular channels between the muscular and connective-tissue cells 
tilling up the interior of the body. The body cavity, in whatever 
form it presents itself, is probably tilled with fluid, and the fluid in 
it may contain special cellular elements. A well developed body 
cavity may coexist with an independent system of serous spaces, as in 
the Vertebrata and the Echinodermata ; the pcrihmmal section of the 
body cavity of the latter probably representing the system of serous 
spaces. 

In several of the types with a well developed bpdy cavity it has 
been established that this cavity originates in the embryo from a 
pair of alimentaiy diverticula, and the cavities resulting from the 
formation of these diverticula may remain distinct, the adjacent walls 
of the two cavities fusing to form a dorsal and a ventral mesentery. 

It is fairly certain that some groups, e.g. the Tracheata, with 
imperfectly developed body cavities are descended from ancestors 
which were provided with well developed body cavities, but how far 
this is universally the case cannot as yet be definitely decided, and 
for additional information on this subject the reader is referred to 
pp. 294 — 297 and to the literature there referred to. 

In the Chsetopoda and the Tracheata the body cavity arises as a 
series of paired compartments in the somites of mesoblast (fig. 330) 
which have at first a very restricted extension on the ventral side of 
the body, but eventually extend dorsalwards and ventral wards till 
each cavity is a half circle investing the alimentary tract; on the 
dorsal side the walls separating the two half cavities usually remain 
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as the doreal mesentery, while ventrally they are in most iiistan'v;es 



Fl«. S5(). I;()NflITlTI»lNAL SKCMON IJIKOUOII AN KMHK\0 OF AoELINA Ii\»YUINTHICA. 

The Kection is taken slightly to one side of the middle line so as to shew the rela- 
tion of the mesoblastic somites to the limbs, dn the interior are seen the yolk 
segments and their nuclei. 

1 — 10. the segments ; pr 1. pvocephalic lobt* ; do. dorsal integument. 

absorbed. The traii.sver>e wal’s, separating the successive compart- 
ments of the body cavity, generally become more or less perforated. 

Chordata. In the Ohm data the primitive body cavity is either 
directly formed from a pair of alimentary diverticula (Oephalochorda) 
(fig. 3) or as a pair of sjxices in the mesoblastic plates of the two 
sides of the body (fig. 20). 

As already explained (pp. 244 — 249) the walls of the dorsal sec- 
tions of the primitive body cavity soon become separated from those 
of the ventral, and becoming segmented constitute the muscle plates, 
while the cavity within them becomes obliterated : they are dealt 
with in a separate chapter. The ventral part of the primitive cavity 
alone constitutes the permanent body cavity. 

The primitive body cavity in the lower Vertebrata is at first con- 
tinued forwards into the rc^gion of the head, hut on the formation of 
the visceral clefts the cephalic section of the body cavity becomes 
divided into a series of separate compartments. Subseciuently these 
sections of the body cavity become obliterated ; and, since their walls 
give rise to muscles, they may probably be looked upon as equivalent 
to the dorsal sections of the body cavity in the trunk, and will be 
treated of in connection with the muscular system. 

As a result of its mode of origin the body cavity in the trunk is 
at first divided into two lateral halves; and part of the mesoblast 
lining it soon becomes distinguished as a special layer of epithelium, 
known as the peritoneal epithelium, of which the part bounding 
the outer wall forms the somatic layer, and that bounding the inner 

83 


n. E. It. 


ABDOMINAL PORES. 


wall the splanchnic layer. Between the two splanchnic layers is 
placed the gut. On the ventral side, in the region of the permanent 
gut, the two halves of the body cavity soon coalesce, the septum be- 
tween them becoming absorbed, and the splanchnic layers of epithe- 
lium of the two sides uniting at the ventral side of the gut, and the 
somatic layers at the median ventral line of the body wall (fig. 351). 

In the lower Vertebrata the body cavity is originally present even 
in the post-anal region of the trunk, but usually atrophies early, fre- 
quently before the two halves coalesce. 

On the dorsal side of the gut the two halves of the body cavity 
never coalesce, but eventually the splanchnic layers of epithelium of 
the two sides, together with a thin layer of interposed mesoblast, form 
a delicate membrane, known as the mesentery, which suspends the 
g;ut from the dorsal wall of the body (fig. 119 and 351). On the dorsal 
side the epithelium lining of the body cavity is usually more columnar 

than elsewhere (fig. 351), and its cells 
partly form a covering for the generative 
^ organs, and partly give rise to the 
primitive germinal cells. This part of 
the epithelium is often known as the 
germinal epithelium. 

greater part of the body 
^ /\\ cavity the lining epithelium becomes in 

/MKm adult intimately united with a layer 

Jt’ cf the subjacent connective tissue, and 

constitutes with it a special lining mem- 
brane for the body cavity, known as the 
Sf /’ peritoneal membrane. 

I f o Abdominal pores. In the Cyclosto- 

1 I J- niata, the majority of the Elasmobranchii, 

^ \ I ^ Ganoidei, a few Teleostei, the Dipnoi, 

V v some Sauropsida (Cheloiiia and Croco- 

dilia) the body cavity is in communication 
wh^h the exterior by a pair of pores, known 
Fio. 361 . Section THKoioa abdominal pores, the external open- 
THETBUNKOF aScylliumembryo ^f whicli are usually situated in the 

SLIGHTLY YOUNGER THAN 28 F. clORCa*. 

«p.c. spinal canal ; W, white The ontogeny of these pores has as yet 
matter of spinal cord ; pr. poste- been but very slightly investigated. In the 

i lamprey *'l‘ey arc formed as apertures lead- 
mnscle^plate; mpMnner layer ^^8 troin the body cavity into the excretory 
of mnscle-plate already converted section of the primitive cloaca. This section 
into miiscles ; Fr. rudiment of would appear from Scott’s (No. 87 ) observa- 

p*rt of b* 1.JPO- 

spiral valve ; r. Bubintestinal vein ; Elastic cloaca! section of the alimentary 
p.o. primitive generative cells. tract. 


' For a Ml account of these structures the reader is referred to T. W. Bridge 
“ Pon Abdommales of Vertebrata.” Journal of Anat and Physiol, Noh xiv., 1879. 



THE BODY CAVITY. 


515 


In all other cases they are formed in a region which appears to belong 
to the epiblrtstic region of the cloaca ; and from my observations on Bias* 
mobmnchs it may be certainly concluded that they are formed there 
in this group. They may appear as perforations (1) at the apices of 
papilliform prolongations of the body cavity, or (2) at the ends of cloacal 
pits directed from the exterior towards the body cavity, or (3) as simple 
slit'like openings. 

Considering the difference in development between the abdominal pores 
of most types, and those of the Cyclostomata, it is open to doubt whether 
these two types of pores are strictly homologous. 

In the Cyclostomata they serve for the passage outwards of the genem- 
tive products, and they also have this function in some of the few Teleostei 
in which they are found ; and Gegeiibaur and Bridge hold that the primi- 
tive mode of exit of the generative products, prior to the development 
of the Miillerian ducts, was probably by means of these porea I have 
elsewhere suggested that the abdominal pores 


are pet haps remnants of the openings of 
segmental tubes; there does not however 
appear to be any definite evidence in favour 
of this view, and it is more probable that 
they may have arisen as simple perforations 
of the body wall. 

Pericardial cavity^ pleural cavities^ 
and diaphragm. In all Vertebrata the 
heart is at first placed in the body cavity 
(fig. 353 A), but the part of the body cavity 
containing it afterwards becomes sepa- 
rated as a distinct cavity known as the 
pericardial cavity. J n Elasmobranchii, 
Acipenser, etc. a passage is however left 
between the pericardial cavity and the 
body cavity; and in tlie Lamprey a s(»pa- 
ration between the two cavities does not 
occur durint; the Aramoccjete sta^e. 

In Elasmobranchii the pericardial 



Fio. 352. Section through 
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cavity becomes established as a distinct 
space in front of the body cavity in the 
following way. When the two ductus 
Cuvieri, leading transversely from the 
sinus venosus to the cardinal veins, be- 
come developed, a horizontal septum, 
shewn on the right side in fig. 352, is 
formed to support them, stretching across 
from the splanchnic to the somatic side 
of the body cavity, and dividing the body 
cavity (lig. 352) in this part into (1) a 
dorsal section formed of a right and left 
division constituting the true body cavity 


The figure Bhews the separa- 
tion of the body cavity from the 
pericardial cavity by a horizontal 
septum in which runs the ductus 
Cuvieri ; on the left side is seen 
the narrow passage which remains 
connecting the two cavities. 

8p,c. spinal canal; W. white 
matter of spinal cord ; pr. com- 
missure connecting the posterior 
nerve-roots; ch. notochord; x, 
sub-notochordal rod; ao. aorta; 
8v. sinus venosus ; eav. cardinal 
vein ; heart; pp, body cavity; 

plate. 
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(|3p), and (2) a ventral part the pericardial cavity {pc). The septum 
is at first of a very small longitudinal extent, so that both in front 
and behind it (fig. 352 on the left side) the dorsal and ventral 
sections of the body cavity are in free communication. The septum 
soon however becomes prolonged, and ceasing to be quite horizontal, 
is directed obliquely upwards and forwards till it meets the dorsal 
wall of the body. Anteriorly all communication is thus early shut 
off between the body cavity and the pericardial cavity, but the two 
cavities still open freely into each other behind. 

The front part of the body cavity, lying dorsal to the pericardial 
cavity, becomes gradually narrowed, and is wholly obliterated long 
before the close of embryonic life, so that in adult Elasmobranch 
Fishes there is no section of the b )dy cavity dorsal to the pericardial 
cavity. The septum dividing the body cavity from the pericardial 
cavity is prolonged backwards, till it meets the ventral wall of the body 
at the point where the liver is attached by its ventral mesentery 
(falciform ligament). In this way the pericardial cavity becomes 
completely shut ©ff from the body cavity, except, it would seem, for 
the narrow communications found in the adult. The origin of these 
communications has not however been satisfactorily worked out. 

The septum between the pericardial cavity and the body cavity is 
attached on its dorsal aspect to the liver. It is at first nearly hori- 
zontal, but gradually assumes a more vertical ])osition, and then, 
owing to the obliteration of the primitive anterior ])art of the body 
cavity, appears to mark the front boumlary of the body cavity. The 
above description of the mode of formation of the pericardial cavity, 
and the explanation of its relations to the body cavity, probably holds 
true for Fishes generally. 

In the higher types the earlier changers are precisely the same as 
those in Elasmobranch Fishes. The heart is at first placed within 
the body cavity attached to the ventral wall of the gut by a meso- 
cardium (fig 353 A). A horizontal septum is then formed, in which 
the ductus Cuvieri are placed, dividing the body cavity for a short 
distance into a dorsal (pp) and ventral f pc) section (fig. 353 B). In 
Birds and Mammals, and probably also in Reptilia, tire ventral and 
dorsal parts of the body cavity are at first in free communication 
both in front of and behind this sej)tum. This is shewn for the 
(Jhick in fig. 353 A and B, which are sections of the same chick, 
A being a little in front of B. The septum is 8(j(»n continued for- 
wards so as completely to separate the ventral pericardial and the 
dorsal body cavity in front, the pericardial cavity extending at this 
period considerably further forwards than the body cavity. 

Since the horizontal septum, by its mode of origin, is necessarily 
attached to the ventral side of the gut, the dorsal part of the primitive 
body space is divided into two halves by a median vertical septum 
formed of the gut and its mesentery (fig. 353 B). Posteriorly the 
horizontal septum grows in a slightly ventral direction along the 
under surface of the liver (fig. 354), till it meets the abdominal wall 



THE BODY CAVITY. 


517 


of the body at the insertion of the falciform ligament, and thus 
completely shuts off the pericardial cavity from the body cavity. 
The horizontal septum forms, as is obvious from the above description, 
the dorsal wall of the pericardial cavity \ 

With the complete separation of the pericardial cavity from the 
body cavity, the first period in the development of these parts is 
completed, and the relations of the body cavity to the pericardial 
cavity become precisely those found in the embryos of Elasmo- 
branchii. The later changes are however very different. Whereas 
in Fishes the right and left sections of the body cavity dorsal to the 
pericardial cavity soon atrophy, in the liigher types, in correlation 
with the relatively backward situation of the heart, they rapidly 
become larger, and receive the lungs which soon sprout out from the 
throat. 

The diverticula which form the lungs grow out into the splanchnic 
mesoblast, in front of the body cavity ; but as they grow, they extend 
into the two anterior coinptartinents of the body cavity, each attached 



FlO. .S53. TllANSVERSE 8ECTH)N8 THROUOH A ChICK EMBRYO WITH TWENTY-ONE 
ME80BLA8TIC SOMITES TO SHEW THE FORMATION OF THE PERICARIHAL CAVITY, A. BEINO 
THE ANTERIOR SECTION. 

»». body cavity ; pc, pericardial cavity ; o/. alimentary cavity ; an, auricle ; v. ven- 
tricle; sinus venosus; dc, ductus Cuvieri; «o. aorta; mp, muscle-plate; me. 
medullary cord. 


^ Kdlliker^s account of this septum, which he calls the mesocardium laterale (No. 
aoS, p. 295), would seem to imply that in Mammals it is completed posteriorly even 
before the formation of the liver. I doubt wrhether this takes place quite so early as 
he imidies, but have not yet determined its exact period by my own observations. 
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by its mesentery to tlie mesentery of the gut (fig. 354 Ig). They soon 

moreover extend beyond the region 
of the pericardium into the undivided 
body cavity behiud. This holds not 
only for the embryos of the Amphibia 
and Sauropsida, but also for those of 
Mammalia. 

To understand the further changes 
in the pericardial cavity it is necessary 
to bear in mind its relations to the 
adjoining parts. It lies at this period 
completely ventral to the two anterior 
prolongations of the body cavity con- 
taining the lungs (fig. 354). Its dorsal 
wall is attached to the gut, and is con- 
tinuous with tlie mesentery of the gut 
passing to the dorsal abdominal wall, 
forming the posterior mediastinum of 
human anatomy. 

The changes which next ensue 
consist es.sentially in the enlargement 
of the sections of the body cavity 
dorsal to the ])ericardial cavity. This 
eidargement takes place partly by the 
elongation of the posterior medias- 
tinum, but still more by the two di- 
visions (d* the body cavity which con- 
tain the lungs extending themselves 
ventially round the outside of the 
pericardial cavity. This process is illustrated by fig. 355, taken from 
an embryo Rabbit. The two dorsal sections of the body cavity {pLp) 
finally extend so as completely to envelope the pericardial cavity 
(pc), remaining however separated from each other below by a 
lamina extending from the ventral wall of the pericardial cavity to 
the body wall, which forms the anterior mediastinum of human 
anatomy. 

By these changes the pericardial cavity is converted into a closed 
bag, completely surrounded at its sides by the two lateral halves of 
the body cavity, which were primitively placed dorsally to it. These 
two sections of the body cavity, which in Amphibia and Sauropsida 
remain in free communication with the undivided peritoneal cavity 
behind, may, from the fact of their containing the lungs, be called 
the pleural cavities. 

In Mammalia a further change takes place, in that, by the forma- 
tion of a vertical partition across the body cavity, known as the 
diaphragm, the pleural cavities, containing the lungs, become iso- 
lated from the remainder of the body or peritoneal cavity. As shewn 
by their development the so-called pleune or pleural sacks are simply 



Fig. 354. Section through the 

TA-RDTAC REGION OF AN EMBUTO OF 

Lacerta Muralib of 9 mm. to shew 

THE MODE OP FORMATION OF THE 
PERICARDIAL CAVITY. 

hi. heart ; pc. pericardial cavity ; 
at alimentary tract ; Ig. lung ; t 
liver; pp. body cavity; md. o^n 
end of Mullerian duct ; trd. Wolifian 
duct; rc. vena cava inferior; <w, 
aorta ; ch. notochord ; me. medullary 
cord. 
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the peritoneal linings of the anterior divisions of the body cavity, 
shut off from the remainder of the body cavity by the diaphragm. 



ViQ. 355. Section through an advanced embryo op a Babbit to shew how the 

PERICARDIAL CAVITY BECOMES SURROUNDED BY THE PLEURAL CAVITIES. 

ht. heart ; pc, pericardial cavity ; pl.p. pleural cavity ; Ig, lung ; al, alimentary 
tract ; ao, dorsal aorta ; ch. notochord ; rp. rib ; st. sternum ; sp.c, spinal cord. 

The exact mode of formation of the diaphragm is not fully made 
out; the account of it recently given by Cadiat (No. 491) not being 
in my opinion completely satisfactory. 

Bibliography. 

( 491 ) M. Cadiat. “Du developpement de la partie d?phalothoracique de I’em- 
bryon, de la formation du diaphragme, des pleures, du p^ricarde, du pharynx et de 
rcosophage.’* Journal de V Anatomic et de la Physiologies Vol. xrv. 1878. 

Vdscular System. 

The actual observations bearing on the origin of tlie Vascular 
system, using the term to include the lymphatic system, are very 
scanty. It seems probable, mainly it must be admitted on a priori 
grounds, that vascular and lymphatic systems have originated from 
the conversion of indefinite spaces, primitively situated in the general 
connective tissue, into definite chaonels. It is quite certain that 
vascular systems have arisen independently in many types ; a very 
striking case of the kind being the development in certain parasitic 
Copepoda of a closed system of vessels with a red non-corpusculated 
blood (E. van Beneden, Heider), not found in any other Crustacea. 
Parts of vascular systems appear to have arisen in some cases by a 
canalization of cells. 
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Tbe blood systems may either be closed or communicate with 
the body cavity. In cases where tbe primitive body cavity is atro- 

S hied or partially broken up into separate compartments (Insecta, 
lollusca, Discophora, etc.) a free communication between the vas- 
cular system and the body cavity is usually present ; but in these 
cases the communication is no doubt secondary. On the whole it 
would seem probable that the vascular system has in most instances 
arisen independently of the body cavity, at least in types where the 
body cavity is present in a well-developed condition. As pointed 
out by the Hertwigs, a vascular system is always absent where there 
is not a considerable development of connective tissue. 

As to the ontogeny of the vascular channels there is still much to be 
ma<le out both in Vei-tebmtes and Invertebrates. 

The smaller channels often rise by a canalization of cells. This process 
has been satisfactorily studied by Lankester in the Leech \ and may easily 
be observed in the blastoderm of the Chick or in the epiploon of a newly 
born Babbit (Schafer, Banvier). In either case the vessels arise from a net- 
work of cells, the superficial protoplasm and part of the nuclei giving rise 
to the walls, and the blood corpuscles being derived either from nucleated 
masses set free within the vessels (the Chick) or from blood corpuscles 
dii*ectly diflferentiated in the axes of the cells (MammalH). 

Lai’ger vessels would seem to be formeil from solid cords of cells, the 
central cells becoming converted into the coipnseles, and the perij)h(Tal cells 
constituting the walls. This mode of formation has been observed by 
myself in the case of the Spider’s heart, and by other observers in other 
Invertebrata. In the Virtebrata a more or less similar mode of fonnation 
appears to liold good for the larger vessels, but further investigations are 
still required on this subject. Gbtte finds that in the Frog the larger 
vessels are formed as longitudinal spjices, and that the walls are derived 
from the indifferent cells bonnding these spaces, which become flattened 
and united into a continuous la) er. 

Tlie early formation of vessels in the Vertebrata takes place in the 
.splanchnic inesoblast ; but this appears due to the fact that the circula- 
tion is at first mainly confined to the vitelline region, which is covered 
by H[)lanchnic inesol^last. 


The lleati 

The heart i.s essentially formed as a tubular cavity in the 
splanchnic inesoblast, on the ventral side of the throat, immediately 
behind the region of the visceral clefts. Tlie walls of this cavity are 
formed of two layers, an outer thicker layer, which has at first only 
the foim of a half tube, being incomplete on its dorsal side ; and an 
inner lamina formed of delicate flattened cells. The latter is the 
epithelioid lining of the heart, and the cavity it contains the true 
cavity of the heart. The outer layer gives rise to the muscular wall 
and peritoneal covering of the heart Though at first it has only the 

^ “ Connective and vasifactive tiaHuca of the Tjf*ech.’* Quart. J. of Micr, Seiener, 
Vol. XX. ISKO. 
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form of a lialf tube (fig: 356), it soon becomes folded in on the dorsal 
side so as to form lor the heart a complete muscular wall. Its two 
sides, after thus meeting to complete the 
tube of the heart, remain at first con- 
tinuous with the splanchnic mesoblast 
surrounding the throat, and form a pro- 
visional mesentery — the mesocardium — 
which attaches the heart to the ventral 
wall of the throat. The superficial 
stratum of the wall of the heart ditfer- 
entiates itself as the peritoneal covering. 

The inner epithelioid tube takes its 
origin at the time when the general 
cavity of the heart is being formed by 
the separation of the splanchnic meso- 
blast from the hypoblast. During this 
process (fig. 357j a layer of mesoblast 
remains close to the hypoblast, but con- 
nected with the main mass of tlie meso- 
blast by proto{)lasmic processes A 
second layer next becomes split from 
the splanchnic mesoblast, connected with 
the first layer by the above-mentioned 
protoplasmic processes. These two layers form together the epithe- 
lioid lining of the heart; between them is the cavity of the heart, 



Fio. .S5(). Section through 

THE DEVELOPING HEART OF AN EM- 
BRYO OP AN Elasmobranch (Pris- 
tiurus). 

' «/. 
splancliL 

matic mesoblast ; ht. heart. 



Fio. 357. Transverse section through the posterior part of the 
HEAD OF an embryo ChICK OF THIRTY HOURS. 
hh. hind-brain ; V0, vagus nerve ; ep. epiblast ; c/i. notochord ; x. thickening of 
hypoblast (possibly a rudiment of the sub- notochordal rod) ; aU throat ; hi. heart ; 
pp. body cavity ; »o, somatic mesoblast ; splanchnic mesoblast ; hy. hypoblast. 
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which soon loses the protoplasmic trabecul® which at first traverse 
it. The cavity of the heart may thus be described as being formed 
by a hollowing out of the splanchuic mesoblast, and resembles in its 
mode of origin that of other large vascular trunks. 

The above description applies only to the development of the 
heart in those types in which it is formed at a period after the 
throat has become a closed tube (Elasmobranchii, Amphibia, Cyclo- 
stomata., Ganoids (?)). In a number of other cases, m which the 
heart is formed before the conversion of the throat into a closed 
tube, of which the most notable is that of Mammals (Henseu, Gotte, 
Kolliker), the heart arises as two independent tubes (fig. 358), which 
eventually coalesce into an unpaired structure. 

lu Mammals the two tubes out of which the heart is formed appear at 
the sides of the cephalic plates, opp().dte the region of the mid- and hind- 
brain (tig. 358). They arise at a time when the lateral folds which form 
the ventral wall of the throat are only just becoming visible. Each half of 
the heart originates in the same way as the whole heart in Elasmobranchii, 
etc.; and the layer of the splanchnic mesoblast, which forms the muscular 
wall for each part (oAA), has at first the form of a half tube open below to 
the hypoblast. 

On the formation of the lateral folds of the splanchuic walls, the two 
halves of the heart become carried inwards and downwards, and eventually 

A. 



Fio, 856. Tbaksvsrbe section throcoh the head of a Babbit of the same 
AOS AS FIG. 144 B. (From Kdlliker.) 

B is a more highly magnified representation of part of A. 
r/. medallary groove ; mp. medullary plate ; rw, medullary fold ; h. epiblast ; 
dd, hypoblast; dd\ notochordal thickening of hypoblast; sp, undivided mesoblast; 
kp. somatic mesoblast; dfp, splanchnic mesoblast; ph. pericardial section of body- 
cavity; ahh, muscular wall of heart; ihh, epithelioid layer of heart; meg, lateial 
undivided mesoblast ; $w, part of the hypoblast which wUl form the ventrad widl of 
the pharynx. 
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meet on the ventral side of the throat. Fur a short time they here remaiQ 
distinct, but soon coalesce into a single tube. 

In Birds, as in Mammals, the heart makes its appearance as t«ro tubes, 
but arises at a |)enod when the formation of the throat is very much more 
advanced than in the case of Mammals. The heart arises immediately 
behind the point up to which the ventral wall of the throat is established 
and thus has at first a A-shaped form. At the ajHix of the ^ , which forms 
the anterior end of the heart, the two halves are in contact (fig. 357), 
though they have not coalesced ; while behind they diverge to be continued 
as the vitelline veins. As the folding in of the throat is continued back- 
wards the two liiiibs of the heart are brought together and soon coalesce 
from before backwards into a single structure. Fig. 359 A and B shews the 
heart during this process. The two halves have coalesced anteriorly (A) 
but are still widely separated behind (B). In Teleostei the heart is formed 
as in Birds and Mammals by the coalescence of two tubes, and it arises 
before the formation of the throat. 


A. 



B. 



Flo. 859. Two niAORAMMATIC SECTIONS THROUGH THE REGION OF THE HIND -BRAIN 
OF AN EMBRYO ChICE OF ABOUT 86 HOURS ILLUSTRATING THE FORMATION OF THE HEART. 

hh, hind-brain; nc. notochord; E. epiblast; so. somatopleure; sp. splanchnopleure; 
d. alimentary tract; hy. hjTpoblast; hi. heai*t; of. vitelline veins. 
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The fact that the heart arises in so many instances as a double 
tube might lead to the supposition that the ancestral Vertebrate had 
two tubes in the place of the present unpaired heart. 

The following considerations appear to me to prove that this con- 
clusion cannot be accepted. If the folding in of the splanchnopleure 
to form the throat were deferred relatively to the formation of the 
heart, it is clear that a modification in the development of the heart 
would occur, in that the two halves of the heart would necessarily be 
formed widely apart, and only eventually united on the folding in of 
the wall of the throat. It is therefore possible to explain the double 
formation of the heart without having recourse to the above hypo- 
thesis of an ancestral Vertebrate with two hearts. If the explanation 
just suggested is the true one the heart should only be formed as 
two tubes when it arises prior to the formation of the throat, and as 
a single tube when formed after the formation of the throat. Since 
this is invariably found to be so, it may be safely concluded that the 
formation of the heart as two cavities is a secondary mode of develop- 
ment, which has been brought about by variations in the period of the 
closing in of the wall of the throat 

The heart arises continuously with the sinus venosus, which in 
the Amniotic Vertebrata is directly continued into the vitelline 
veins. Though at first it ends blindly in front, it is very soon con- 
nected with the foremost aortic arches. 

The simple tubular heart, connected as above described, grows 
more rapidly than the chamber in which it is contairied, and is soon 
doubled upon itself, acquiring in this way an 8-shaped curvature, 
the posterior portion being jdaced dorsally, and the anterior ventrally. 
A constriction soon apjxjars between the dorsal and ventral portions. 

The dorsal section becomes jiartially divided otf behind from the 
sinus venosus, and constitutes the relatively thin-walled auricular 
section of the heart; while the ventral ])ortif)n, after becoming distinct 
anteriorly from a portion continued forwards from it to the origin of 
the branchial arteries, which maybe called the truncus arteriosus, 
acquires very thick spongy mu.scular walls, and becomes the ven- 
tricular division of the heart. 

The fuiiilier change.s in the heart are but slight in tlie case of the Pisces. 
A pair of simple membranous valves becom(»s establislietJ at the auriculo- 
ventiicular ontice, and further change.s take place in the truncus arteriosus. 
This part liecomes divided in Elasmobrancliii, Ganoidei, and Dipnoi into a 
posterior section, called the cojius arteriosus, provided with a series of 
transverse rows of valves, and an anterior section, called the bulbus 
arteriosus, not provided with valves, and leading into the branchial 
arteries. In most Teleostei (except Butirinus and a few other forms) the 
conus arteriosus is all but obliterated, and the anterior row of its valves 
alone preserved ; and the bulbus is very much enlarged *. 

’ Vide Gegenbaur, **Ziir vergleich. Anat. d. Herzens.*^ Jcnaische ZeiU, Vol. ti. 
1866, and for iticcnt im[K)rtarit observations, J. K. V. Boas, “ Ucb. Herz u. Arterien- 
bogen bei Ceratodeii u. Protopterus,” and “ Ueber d. conus artor. b. Butirinus, etc./* 
Morphol. Jahrh,y Vol. vi. 1880. 
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In the Dipnoi important changes in the heart are effected, as compared 
with other Fishes, by the development of time lungs. Both the auricular 
and ventricular chamber may be imperfectly divided into two, and in the 
conus a partial longitudinal septum is developed in connection with a 
longitudinal row of valves*. 

In Amphibia the heart is in many respects similar to that of the Dipnoi. 
Its curvature is rather that of a screw than of a simple S. The truiicus 
arteriosus lies to the left, and is continued into the ventricle which lies 
ventrally and more to the right, and this again into the dorsally j)lacfd 
auricular section. 

After the heart has reached the piscine stage, the auricular section 
(Bombinator) becomes prolonged into a right and left auricular appendage. 
A septum next grows from the roof of the auricular portion of the heart 
obliquely backwards and towards the left, and divides it in two cham- 
bers ; the right one of which remains continuous with the sinus venosus, 
while the left one is conijdetely shut off from the sinus, though it soon 
enters into communication with the newly established pulmonary veins. 
The truncus arteriosus* is divided into a posteiior conus arteriosus (pylan- 
gium) and an anterior halhus (synangium). The former is provided with a 
ju'oximal row of valves at its ventricular end, and a distal row at its anterior 
end near the biilbiis. It is also provided with a'longitudinal septum, which 
is no doubt homologous with the septum in the conus arteriosus of the 
Dii)noi. The bulbiis is well developed in many Urodcla, but hardly exists 
in the Anura. 

In the Anniiota further changes take place in the heart, result- 
ing in the abortion of the distal rows of valves of the conus arteriosus®, 
and in the splitting up of the whole truncus arteriosus into three ves- 
sels ill Reptilia, and two in Birds and Maiunials, each opening into 
the ventricular section of the heart, and provided with a special set 
of valves at its coininenceinent. In Birds and Mammals the ventricle 
becomes moreover completely divided into two chambers, each com- 
municating with one of tlie divisions of tlie primitive truncus, known 
in the higlier types as the sNstemic and pulmonary aortuB. The 
character of the development of the heart in the Amniota wdll be 
best understood from a description of what takes place in the Chick. 

In Birds the originally straight lieart (tig. 109) soon becomes doubled 
up upon itself. The veiiti icular portion becomes placed on the veutral and 
right side, while the auricular section is dorsal and to the left. The two 
parts are separated from each other by a slight constriction known as the 
caualis auiicularis. Anteriorly the ventricular cavity is continued into the 
truncus, and the venous or auricular portion of the heart is similarly con- 

' Boas holds that the longitudinal septum is formed by tlio coalescence of a row of 
longitudinal valves, but this is opposed to Lankesters statements, “ On the hearts of 
Ceratodus, Protopterus and Cliimara,” etc. XooL Tram, Vol. x. 1879. 

• For a good description of the adult heart vide Huxley, Article “Amphibia,” in 
the Encyclopedia liritannica. 

* It is just possible that the reverse may be true, tdde note on p. 626. If however, 
as is moat probable, the statement in the text is correct, the valves at the mouth of 
the ventricle in Teleostei are not homologous with those of the Amniota ; the former 
being the distal row of the valves of the conus, the latter the proximal. 
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nected behind with the sinus venosus. The auricular appendages grow out 
from the auricle at a very early period. The general appearance of the heart, 
as seen from the ventral side on the fourth day, is shewn in fig. 360. Al- 
though the external divisions of the heart are well marked even before 
this stage, it is not till the end of the third day that the internal partitions 
become apparent ; and, contrary to what might have been anticipated from 
the evolution of these parts in the lower types, the ventricular septum 
is the first to be established. 

It commences on the third day as a crescentic ridge or fold springing 
from the convex or ventral side of the rounded ventricular portion of the 
heart, and on the fourth day grows rapidly acioss the ventricular cavity 
towards the concave or dorsal side. It thus forms an incomplete longitu- 
dinal partition, extending from the canalis auricularis to the commencement 
of the truncus arteriosus, and dividing the twisted ventricular tube into 

two somewhat curved canals, one more 
to the left and above, the other to 
the right ami below. These communi- 
cate with each other, above the free 
edge of the partition, along its whole 
length. 

Externally the ventricular portion 
as yet shews no division into two parts. 

By the fifth day the venous end of 
the heart, though still lying somewhat 
to the left and above, is placed' as far 
forwards as the arterial end, the whole 
organ a}>pearing to )je drawn together. 
The ventricular septum is complete. 

The apex of the ventricles becomes 
more and more pointed. In the au- 
ricular ])oition a small longitudinal fold 
appears as the rudiment of the auricular septum, while in the canalis 
auricularis, which is now at its gi’eatest len|^h, there is also to be seen 
a commencement of the valvular structures tending to sej)arate the cavity 
of the auricles from those of the ventricles. 

About the 106th hour, a septum begins to make its appearance in the 
truncus arteriosus in the form of a longitudinal fold, which according to 
Tonge (No. 495) starts at the end of the truncus furthest removed from the 
heart. It takes origin from the wall of the truncus between the fourth and 
fifth pairs of arches, and grows downwards in such a manner as to divide 
the truncus into two channels, one of which leads from the heart to the tjlrird 
and fourth pairs of arches, and the other to the fifth pair. Its course 
wards is not straight but spiral, and thus the two channels into 
divides the truncus arteriosus wind spirally the one round the other. 

At the time when the septum is first formed, the op<ming of the truncus 
arteriosus into the ventricles is naiTow or slit-like, apparently in order to 
prevent the flow of the blood back into the heart. Soon after the appear- 
ance of the septum, however, semilunar valves (Tonge, No. 495) are deve- 
loped from the wall of that portion of the truncus which lies between the 
free edge of the septum and the cavity of the ventricles', 

^ If Tonge is correct in his statement that the semilunar valves develop at some 



Fio. 360. Heart of a Chick on 

THE FOURTH DAT OF INCUBATION VIEWED 
FROM THE VENTRAL SURFACE. 

/.a. left auricular appendage; C.A. 
canalis auricularis; t\ ventricle; b. 
truncus aiteriosus. 
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The ventral and the dorsal pairs of valves are the first to appear : the 
former as two small solid prominences separated from each other by a 
narrow groove ; the latter as a single ridge^ in the centre of which is a 
prominence indicating the point where the ridge will subsequently become 
divided into two. The outer valves appear opposite each other, at a con- 
siderably later period. 

As the septum grows downwards towards the heart, it finally reaches 
the position of these valves. One of its edges then passes between the two 
ventral valves, and the other unites with the prominence on the dorsal 
valve-ridge. At the same time the growth of all the parts causes the 
valves to appear to approach the heart, and thus to be placed quite at the 
top of the ventricular cavities. The free edge of the septum of the truncus 
now fuses with the ventricular septum, and thus the division of the truncus 
into two separate channels, each provided with three valves, and each com- 
municating with a separate side of the heart, is complete ; the position of 
the valves not being very diffei*ent from that in the adult heart. 

That division of the truncus which opens into the fifth pair of arches is 
the one which communicates with the right ventricle, while that which 
opens into the third and fourth pairs communicates with the left ventricle. 
Tiie former becomes the pulmonary artery, the latter the commencement of 
the systemic aorta. 

The external constriction actually dividing the truncus into two vessels 
does not begin to appear till the septum has extended some way back 
towards the heart. 

The semilunar valves become pocketed at a period considerably later 
than their tii*st formation (from the 147th to the 165 th hour) in the order 
of their appearance. 

A. B. 



Fia. 861. Two views or the heart of a Chick upon the pipth day op 

INCUBATION. 

A. from the ventral, B. from the dorsal side. 

La. left auricular appendage ; r.a. right auricular appendage ; r.r. right ventricle ; 
Lv. left ventricle ; 6. truncus arteriosus. 

At the end of the sixth day, and even on the fifth day (figs. 361 and 
362), the appearance of the heart itself, without reference to the vessels 
which come from it, is not very dissimilar from that of the adult. The 

distance from the mouth of the ventricle, it would seem possible that the porticm of 
the truncus between them and the ventricle ought to be regarded as the embryonio 
conus arteriosus, and that the distal row of valves of the conus (and not the proximal 
as suggested above, p. 525) has l^en preserved in the higher t 3 rpe 8 . 
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original pi’otiiberance to the right now forms the apex of the ventricles, 
and the two auricular appendages are placed at the anterior extremity of 

the heart. The most noticeable difference 
(in the ventral view) is the still externally 
undivided condition of the truncus arte- 
riosus. 

The subsequent changes which the heart 
undergoes are concerned more with its in- 
ternal structure tlian with its external 
shape. Indeed, during the next three days, 
viz. the eighth, ninth, and tenth, the ex- 
ternal form of the heart remains nearly un- 
altered. 

In the auricular portion, how^ever, the 
septum which conimenced on the fifth day 

vertitMlIy, and arises from the ventral wall ; 
commencing at the canalis auricularis and 
j»roceeding towards the opening into the 
sinus venoHus. 

This hitter structure gi’adually becomes 
aborted so as to become a si)ecial ap[)endage of the right auricle. The 
inferior vena cava entei's the sinus obliquely from the right, so that its 
blood has a tendency to flow towards the left auricle of the heart, which 
is at this time the larger of the two. 

The valves between the ventricles and auricb‘S are now w^ell develope<l, 
and it is about this time that the division of the trilncus arteriosus into the 
aorta and pulmonary aitery becomes visible from the exterior. 

By the eleventh to the thirteenth day the right auricle has become as 
large as the left, and the auricular septum much more complete, though 
thei-e is still a small opening, the foramen ovale, by which the two cavities 
communicate with each other. 

The moat im}X)rtant feature in wdiich the development of the Reptilian 
heart diffe)*s from that of Birds is the division of the truncus into three 
vessels, instead of two. The three vessels remain bound u]) in a common 
sheath, and appear externally as a single trunk. Tlie vessel not repre- 
sented in Birds is that which is continued int«> the lelt aortic arch. 

In Mammals the early stages in the development of the lieart present 
no important points of diffeierice from those of Aves. The septa in the 
truncus, in the ventricular, and in the auricular cavities are fonued, so far 
as ia known, in the same way and at the same relative periods in both 
grou{>s. In the embryo Man, the Rabbit, and other Mammals the division 
of the ventricles is ni^e apparent externally by a deep cleft, which, though 
evanescent in these forms, is |)ermanent in the l)ug«.iig. 

The attachment of the auriculo-ventricular valves to the wall of the 
ventricle, and the similar attachment of the left auriculo-ventricular valves 
in Birds, have been especially studied by Gegenbaur and Beniays (No. 492), 
and deseiwe to be noticed. In the primitive state the ventricular walls 
have througliout a spongy character ; and the auriculo-ventricular valves 
simple inembi’anous projections like the auriculo-ventricular valves of Fishes, 
fcioon however the Bf)ougy muscular tissue of both the ventricular and 



Fig. 36 * 2 . Heart of a Chick 

ON THE SIXTH DAY O' Tvr.TT,.A. 

ha. left auricular appendage ; 
r.a. right auricular appendage; 
r.v, right ventricle ; /.r. left ven- 
tricle ; b. truncus arteriosus. 
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auricular walls, which at first pass uninten*uptedly the one into the other, 
grows into the bases of the valves, which thus become in the main muscular 
projections of the walls of the heart. As the wall of the ventricle thickens, 
the muscular trabeculse, connected at one end with the valves, remain at the 
other end united with the ventricular wall, and form special bands passing 
between the two. The valves on the other hand lose their muscular 
attachment to the auricular walls. This is the condition permanent in 
Omithorhynchus. In higher Mammalia the ends of the muscular bands 
inserted into the valves become fibrous, from the development of inter- 
muscular connective tissue, and the atrophy of the muscular elements. 
The fibrous parts now form the chord® tendine®, and the muscular the 
musculi papillares. 

The sinus venosus in Mammals becomes completely merged into the 
right auricle, and the systemic division of the truncus arteriosus is appa- 
rently not homologous with that in Birds. 

In the embryos of all the Graniata the heart is situated very far 
forwards in the region of the head. This position is retained in Pisces. 
In Amphibia the heart is moved further back, while in all the 
Amniota it gradually shifts its position first of all into the region 
of the neck and finally passes completely within the thoracic cavitj^. 
The steps in the change of position may be gathered from figs. 109, 
111, and 118. 


Bihliography of the Heart. 
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Vide also Von Baer (291), Rathke (300), Hensen (182), Kolliker (298), Gotte (296), 
and Balfour (292). 


Arterial System. 

In the embryos of Vertebrata the arterial system consists of a 
forward continuation of the truncus arteriosus, on the ventral side of 
the throat (fig. 363, abr, and 364, a), which, with a few exceptions 
to be noticed below, divides into as many branches on each side as 
there are visceral arches. These branches, after traversing the visceral 
arches, unite on the dorsal aide of the throat into a common trunk on 
each side. This trunk (figs. 363 and 364) after giving oflf one (or more) 
vessels to the bead (c' and c) turns backwards, and bends in towards 
the middle line, close to its fellow, immediately below the notochord 
(figs. 21 and 116) and runs backwards in this situation towards the 
end of the tail The two parallel trunks below the notochord fuse very 
early into a single trunk, the dorsal aorta (figs. 363, ad, and 364, a"). 
There is given oflf from each collecting trunk from the visceral 
arches, or from the commencement of the dorsal aorta, a subclavian 
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artery to each of the anterior limbs ; 



Fio. 363 . Diagrammatic tiew of the heap 

OF AK EMBRYO TeLEOSTEAN, WITH THE PIUMI* 

TivB YABCULAR TRUNKS. (From Gcgenbaur.) 


from near the anterior end of 
the dorsal aorta a vitelline 
artery (or before the dorsal 
aortte have united a pair of 
arteries fig. 125, Ro/*A and 
L A) to the yolk-sack, which 
subsequently becomes the main 
visceral artery^; and from the 
dorsal aorta opposite the hind 
limbs one (or two) arteries on 
each side — the iliac arteries — 
to the hind limbs ; from these 
arteries the allantoic arteries 


Wgber 

chial clefts; w. sinus venosus; dc, ductus types, which remain as the 
Cuvieri ; n. nasal pit. hypogastric arteries after the 

disappearance of the allantois. 

The primitive arrangement of the arterial trunks is with a few 
modifications retained in Fishes. With the development of the gills 
tiie vessels to the arches become divided into two parts connected 
by a capillary system in the gill folds, viz. into the branchial arteries 
bringing the blood to the gills from the truncus arteriosus, and the 
branchial veins transporting it to the dorsal aorta. The branchial ves- 
sels to those arches which do not bear gills, either wholly or partially 
atrophy; thus in Elasmobranchii the mandibular trunk, which is fully 
developed in the embryo (fig. 1.93, lat;), atrophies, except for a small 
remnant bringing blood to the rudimentary gill of the spiracle from 
the branchial vein of the hyoid arch. In Ganoids the mandibular 
artery atrophies, but the hyoid is usually preserved. In Teleostei both 
mandibular* and hyoid arteries are absent in the adult, except that 
there is usually left a rudiment of the hyoid, supplying the pseudo- 
branch, which is similar to the rudiment of the mandibular artery 
in Elasmobranchii. In Dipnoi the mandibular artery atrophies, but 
the hyoid is sometimes preserved (Protoptenis), and sometimes lost. 

In Fishes provided with a well developed air-bladder this organ 
receives arteries, which arise sometimes from the dorsal aorta, some- 
times from the csBliac arteries, and sometimes from the dorsal section 
of the last (fourth) branchial trunk. The latter origin is found in 
Polypterus and Amia, and seems to have been inherited by the 
Dipnoi where the air-bladder forms a true lung. 

The pulmonary artery of all the air-breathing Vertebrata 
is derived from the pulmonary artery of the Dipnoi. 

In all the types above Fishes considerable changes are effected in 
the primitive arrangement of the arteries in the visceral arches. 


J Iq Mammalia the superior meseuterio artery arisGs from the vitelline artery, 
which may probably be regarded as ii primitive cieliaco-meHentcnc artery. 

^ The mandilmUr artery is stated by (ildttc never to be develojicd in Teleostei, hut 
is distinctly figured in LerclH>allet (No. 71). 
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In Amphibia the piscine condition is most nearly retained'. 
The mandibular artery is never developed, and the hyoid artery is 
imperfect, being only connected with the cephalic vessels and never 
directly joining the dorsal aorta. It is moreover developed later than 
the arteries of the true branchial arches behind. The subclavian 
arteries spring from the common trunks which unite to form the 
dorsal aorta. 

In the Urodela there are developed, in addition to the hyoid, four 
branchial arteries. The three foremost of these at first supply gills, 
and in the Perennibranchiate forms continue to do so through life. 
The fourth does not supply a gill, and very early gives oflF, as in the 
Dipnoi, a pulmonary branch. 

The hyoid artery soon sends forward a lingual artery from its 
ventral end, and is at first continued to the carotid which grows 
forward from the dorsal part of the first branchial vessel. 

In the Caducibranchiata, where the gills atrophy, the following 
changes take place. The remnant of the hyoid is continued entirely 
into the lingual artery. The first branchial is mainly continued into 
the carotid and other cephalic branches, but a narrow remnant of 
the trunk, which originally connected it' with the dorsal aorta, re- 
mains, forming what is known as a ductus Botalli. A rete mirabile 
on its course is the remnant of the original gill. 

The second and third branchial arches are continued as simple 
trunks into the dorsal aorta, and the blood from the fourth arch 
mainly passes to the lungs, but a narrow ductus Botalli still con- 
nects this arch with the dorsal aorta. 

In the Anura the same number of arches is present in the 
embryo as in the Urodela, all four branchial arteries supplying bran- 
chiae, but the arrangement of the two posterior trunks is different 
from that in the Urodela. The third arch becomes at a very early 
period continued into a pulmonary vessel, a relatively narrow branch 
connecting it with the second arch. The fourth arch joins the pul- 
monary branch of the third. At the metamorphosis the hyoid artery 
loses its connection with the carotid, and the only part of it which 
persists is the root of the lingual artery. The first branchial artery 
ceases to join the dorsal aorta, and forms the root of the carotid ; the 
so-called carotid gland placed on its course is the remnant of the gill 
supplied by it before the metamorphosis. 

The second artery forms a root of the dorsal aorta. The tliird, as 
in all the Amniota, now supplies the lungs, and also sends off a 
cutaneous branch. The fourth disappears. The connection of the 
pulmonary artery with both the third and fourth branchial arches in 
the embryo appears to me clearly to indicate that this artery was 
primitively derived from the fourth arch as in the Urodela, and 
that its permanent connection with the third arch in the Anura and 
in all the Amniota is secondary. 


^ In my account of the Amphihii, Gotte (No. 296) has been followed. 
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In the Amuiuta the metamorphosis of the arteries is in all cases 
very similar. Five arches, viz. the mandibular, hyoid, and three 
branchial arches are always developed (fig. 364), but, owing to the 



Pro. 364. PiAOiiAM OF the arrangement 

OF THE ARTERIAL ARCHES IN AN EMBRYO OF ONE 


absence of branchife, never 
function as branchial arteries. 
Of these the main parts of 
the first two, connecting the 
truncus arteriosus with the 
collecting trunk into which 
the arterial arches fall, always 
disappear, usually before the 
(*omplete development of the 
arteries in the posterior arches. 

The anterior part of the 
collecting tmnk into which 
these vessels fall is not ob- 
literated when they disappear, 
but is on the contrary con- 
tinued forwards as a vessel 


OF THE Amniota. (From Gegenbaur; after 
Bathke.) 

a, ventral aorta; dorsal aorta; 1 , 2 , 
3, 4, 5. arterial arches ; <*. carotid artery. 


supplying the brain, homo- 
logous with that found in 
Fishes, It constitutes the in- 
ternal carotid. Similarly the 


anterior part of the trunk from which the mandibular and hyoid 
arteries sprang is continued forwards as a small vessel*, which 
at first passes to the oral region and constitutes in Reptiles the 
lingual artery, homologous with the lingual artery of the Am- 
phibia; but in Birds and Mammals becomes more important, and 
is then known as the external carotid (fig. 1 25). By these changes 


the roots of the external and internal carotids spring respectively 


from the ventral and dorsal ends of the primitive third artery, 
i,e. the artery of the first branchial arch (fig. 365, c and c ) ; and thus 
this arterial arch persists in all tifpes as the common carotid, and the 
basal part of the intenial carotid. I'he trunk connecting the third 
arteri^d arch with the system of the dorsal aorta persists in some 
Reptiles (Lacertilia, fig. 366 A) as a ductus Botalli, but is lost in 
the remaining Reptiles and in Birds and Mammals (fig. 366 B, C, D). 
It disappears earliest in Mammals (fig. 365 C), later in Birds (fig. 
365 B), and still later in the majority of Reptiles. 

The fourth arch always continues to give rise, as in the Anura, to 


the system of the dorsal aorta. 

In all Reptiles it persists on both sides (fig. 366 A and B), but with 
the division of the truncus arteriosus into three vessels one of these, 


* His (No. 333 ) describes in Man two ventral continuations of the truncus arte- 
riosus, one derived from the mandibular artery, forming the external maxillaiy arteiy, 
and one from the hyoid artery, forming the lingual artery. The vessel from which 
they spring is the external carotid. These observations of His will very probably 
be found to hold true for other types. 
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i.e, that opening furthest to the left side of the ventricle (e and d), 
is continuous with the ri(/ht fourth arch, and also with the coimnon 



Fig. 305. Devkloi-mknt of the great arterial trunks in the embryos of 
A. A Lizard; B. the common Fowl; C. the Pig. (From Gegenbaur; after Kathke.) 

The first two arches have disappeared in all th^ee. In A and B the last three are 
still complete, but in C the last two are alone complete. 

p, pulmonary artery springing from the fifth arch, but still connected with the sys- 
tem of the dorsal aorta by a ductus Botalli ; c. external carotid ; c\ internal carotid ; 
nd, dorsal aorta; g. auricle; v. ventricle; n, nasal pit; i/i. rudiment of fore-limb. 

carotid arteries (c ) ; wliile a second springing from the right side of 
the ventricle is continuous with the left fourth arch {h and /). The 
right and left divisions of the fourth arch meet liowever on the dorsal 
side of the (esophagus to give origin to the dorsal aorta {jf). 

In Birds (fig, 3G6 (J) the left fourth arch (A) loses its connection 
with the dorsal aorta, though the ventral part remains as the root of 
the left subclavian. The truncus arteriosus is moreover only divided 
into two parts, one of which is continuous with all the systemic 
arteries. Thus it comes about that in Birds the right fourth arch (e) 
alone gives rise to the dor^^al aorta. 

In Mammals (fig. 366 D) the truncus arteriosus is only divided 
into two, but the left fourth arch (e), instead of the right, is that 
continuous with the dorsal aorta, and the right fourth arch (i) is 
only continued into the right vertebral and right subclsvian arteries. 

The fifth arch always gives origin to the pulmonary artery (fig. 
365, |)) and is continuous with one of the divisions of the truncus 
arteriosus. In Lizards (fig. 366 A, t), Chelonians and Birds (fig. 366 
0, i) and probably in Crocodilia, the right and left pulmonary arteries 
spring respectively from the right and left fifth arches, and during 
the greater part of embryonic life the parts of the fifth arches be- 
tween the origins of the pulmonary arteries and the system of the 
dorsal aorta are preserved as ductus Botalli. These ductus Botalli 
persist for life in the Chelonia. In Ophidia (fig. 366 B, h) and 
Mammalia (fig. 366 D, m) only one of the fifth arches gives origin to 
the two pulmonary arteries, viz. that on the right side in Ophidia, 
and the left in Mammalia. 
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The ductus Botalli of the fifth arch (known in Man as the ductus 
arteriosus) of the side on which the pulmonary arteries are formed, 
may remain {e.g, in Man) as a solid cord connecting the common 
stem of the pulmonary aorta with the systemic aorta. 

The main history of the arterial arches in the Amniota has been 
sufficiently dealt with, and the diagram, fig. 866, copied from Rathke, 
shews at a glance the character of the metamorphosis these arches 
undergo in the different types. It merely remains for me to say a 
few words about the subclavian and vertebral arteries. 

The subclavian arteries in Fishes usually spring from the trunks 
connecting the branchial veins with the dorsal aorta. This origin, 
which is also found in Amphibia, is typically found in the embryos 
of the Amniota. In the Lizards this origin persists through life, but 



Fig. 366. Diagbams illustbating the metamorphobis of the arteiiiat. ARCifES 
IK A Lizard A, a Snake B, a Bird C and a Mammal 1). (From Mivart aftor Kathke.) 

A. a. internal carotid ; h, external carotid ; c. common carotid ; d. ductus Botalli 
between tbe third and fourth arches ; e. right aortic trunk ; f. subclavian ; g. dorsal 
aorta ; h, left aortic trunk ; t. pulmonary' artery ; k, rirlimeiit of ductus Botalli be« 
tween the pnlmonary artery and the system of the dorsal aorta. 

B. a. internal carotid; h, external carotid; c. common carotid; d. right aortic 
trunk ; e. vertebral artery ; /. left aortic trunk of dorsal aorta ; h, pulmonary artery ; 
f . ductus Botalli of pulmonary artery. 

C. a. internal carotid ; 6. external carotid ; r. common carotid ; d. systemic aorta ; 
e. fourth arch of right side (root of dorsal aorta) ; /. right subclavian ; g, dorsal aorta ; 
h, left subclavian (fourth arch of left side) ; t. pulmonary artery ; k* and 1. right and 
left ductus Botalli of pulmonary arteries. 

1). a. internal carotid ; h. external carotid; c. common carotid ; d. systemic aorta; 
€, fourth arch of left side (root of dorsal aorta); /. dorsal aorta; g. left vertebral arteir; 
h, left subclavian artery; i. right sulajlavian* (fourth arch of right side); k. right 
vertebral; L continuation of right ^ubclaviall; m. pulmonary artery; n. ductus Botalli 
of pulmonary art^Ty. 
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both subclavians spring from the right side. In most other types 
the origin of the subclavians is carried upwards, so that they usually 
spring from a trunk common to them and the carotids (arteria 
anonyma) (Birds and some Mammals) ; or the left one, as in Man and 
some other Mammals, arises from the systemic aorta just beyond 
the carotids. Various further modifications in the origin of the sub- 
clavians of the same general nature are found in Mammalia, but they 
need not be specified in detail. The vertebral arteries usually arise 
in close connection with ihe subclavians, but in Birds they arise from 
the common carotids. 


BiimiooiUPHV of the Arterial System. 

(496) H. Bathke. “Ueb. d. Entwick. d. Arterien w. bei d. Baugetbiere von d. 
Bogen a. Aorta auBgehen.” Muller’s Archtv, 1843 . 

(497) H. Bathke. “ Untersuchungen iib. d. Aortentvurzeln d. Saurier.” Denk- 
schriften d, h. A had. Wien, Vol. xiii. 1857 . 

Vide also His (No. 232) and general works on Vertebrate Embryology. 


The Venous System, 

The venous system, as it is found in the embryos of Fishes, con- 
sists in its earliest condition of a single large trunk, which traverses 
the splanchnic mesoblast investing the part of the alimentary tract 
behind the heart. This trunk is directly continuous in front with the 
heart, and underlies the alimentary canal through both its praeanal 
and postanal sections. It is shewn in section in fig. 367, v, and may be 
called the subintestinal vein. This vein has been found in the 
enibryos of Teleostei, Ganoidei, Elasmobranchii and Cyclostomata, 
and runs parallel to the dorsal aorta above, into which it is some- 
times continued behind (Teleostei, Ganoidei, etc.). 

In Elasmobranch embryos the subintestinal vein terminates, as 
may be gathered from sections (fig. 368, v,cau), shortly befiue the end 
of the tail. The same series of sections also shews that at the cloaca, 
where the gut enlarges and comes in contact witli the skin, this vein 
bifurcates, the two branches uniting into a single vein both in front 
of and behind the cl<»aca. 

In most Fishes the anterior part of this vein atrophies, the caudal 
section alone remaining, but the anterior section of it persists in the 
fold of the intestine in Petromyzon. and also remains in the spiral 
valve of some Elasmobranchii. In Amphioxus, moreover, it forms, 
as in the embryos of liigher types, the main venous trunk, though 
even here it is usually broken up into two or three parallel vessels. 

It no doubt represents one of the ]>riinitive longitudinal tininks of the 
vermiform ancestors of the Cliordatji. The heart and the branchial artery 
constitute a specially ino<Ufied anterior continuation of this vein. The 
(iilatod portal sinus of Myxine is probably also part of it ; and if this is 
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really rhytbinically contractile^ the fact would be iuteroeting as aliewiug 
that this quality, which is now localised in the hesrt, was once probably 
common to the siibintestinal vessel for its whole length. 

On the development of the cardinal veins (to be described below) 
considerable changes are effected in the 
siibintestinal vein. Its postanal section, 
which is known in the adult as the caudal 
vein, unites with tlie cardinal veins. On 
this junction being effected retrogressive 
changes take place in the prieanal section 
c»f the original siibintestinal vessel. It 
bleaks up in front into a number of 
smaller vessels, the most important of 
which is a special vein, which lies in the 
fold of the spiral valve, and which is 
more eonspicuoits in some Elasmobranchii 
than in Scyllium, in which the develop- 
ment of the vessel has been mainly 
studied. The lesser of the two branches 
(‘onnecting it round the cloaca with the 
caudal vein first vanishes, and then the 
larger; and the two posterior cardinals 
are lelt as the sole forward continuations 
of the caudal vein. Tlie latter then be- 
comes prolonged forwards, so that the 
two cardinals open into it some little 
distance in front of the hind end of the 
kidneys. By these changes, and by the 
disappearance of the postanal section of 
the gut, the caudal vein is made to 
appear as a snpraintestinal and not, as 
it really is, a suhintestinal vessel. 

Irom the subintestinal vein there is 
given off a branch which 
yolk-sack. This leaves the 

. vein close to the liver. The liver, on 

Its development, embraces the subintestinal vein, which then breaks 
up into a capillary system in tlie liver, tlie main part of its blood 
coming at this period from the yolk-sack. 

The portal system is thus established from the subintestinal vein; 
but is eventually joined by the various visceral, and sometimes by the 
genital, veins as they become successively developed. 

The blood from the liver is brought back to the sinus venosus by 
veins known as the hepatic veins, which, like the hepatic capillary 
system, are derivatives of the subintestinal vessel. 

' M filler holds that this suck is not rhy thmically contractile. 


supplies the 
subiutt^stimil 



Fio. 3'»7. Section thikh mi 

TBETKVNK OF A SCYLLll’M KMUfOO 
SLIGHTLY TOUNOEH THAN 28 F. 

#7?.c. Spinal canal ; H'. >>hite 
matter of spinal cord ; pr. poste- 
rior nerve-roots ; ch. notwhoid ; 
j-. sub-notochord rod ; ao. aorta: 
nip. muscle- plate; mp'. inner layer 
of muscle-plate ^ready* converted 
into mnsoles; Vr, rudiment of 
vertebral body; st. he^mental 
tnlie; ttd, segmental duct; Ap.r. 
spiral valve; r. subintestinal vem; 
p.o. primitive generative cidls. 
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There join the portal system in Myxinoids and many Teleostei 
a number of veins from the anterior abdominal walls, representing 
a commencement of the anterior abdominal or epigastric vein of 
higher types'. 


In the higher Vertebiates the original suhintestinal vessel never attains 
a full development, even in the embryo. It is represented by (1) the 
ductus veuosuH, which, like the true subin testinal vein, gives origin (in 
the Amniota) to the vitelline veins to the yolk-sack, and (2) by the caudal 
vein. Whether the partial atrophy of the suhintestinal vessel was primi- 
tively caused by the development the cardinal veins, or for some other 
reason, it is at any late a fact that in all existing Fishes the cardinal veins 
foiin the main venous channels of the trunk. 

Their later development than the suhintestinal vessel as well as their 
absence in Amphittxus, pro- 
bably indicate that they be- 
came evolved, at any rate in 
their present form, within 
the Vertebrate phylum. 

The embryonic condi- 
tion of the venous system, 
with a single large subin- 
testinal vein is, as has been 
stated, always modified by 
the development of a 
paired system of vessels, 
known as the cardinal 
veins, which bring to the 
heart the greater part of 
the blood from the trunk. 

The cardinal veins ap- 
]>ear in Fishes as four 
paired longitudinal trunks 
(figs. 3G3 and 3G9), two 
anterior ( j) and two pos- 
terior (c). They unite into 
two transverse trunks on 
either side, known as the 
ductus Ouvieri (rfc), which 
fall into the sinus veriosus, 
passing from the body wall 
to the sinus by a lateral 
mesentery of the heart already spoken of (p. 515, fig. 352). The 
anterior pair, known as the anterior ca:dinal or jugular veins, bring 
to the heart the blood from the head and neck. They are 
placed one on each side above the level of the branchial arches 
(fig. 2911, a.ct;). The posterior cardinal veins lie immediately dorsal 



Fio. SG8. Four bections thbouuh the post- 

anal PAR r OF THE TAIL OF AN EMllRYO OF THE SAME 
AOK AS FIO. 28 F. 

A is the posterior section, 
fir. neural canal; «/. post-anal gut; alv, cauial 
vesicle of post-anal gut; x. subnotochord rod; mp, 
muscle-plate; ch. notochord; cLal, cloaca; ao. 
aorta; i\cau. caudal vein. 


^ Stanuius, Vcrylcich. Jtiut*, p. 251. 



538 


THE CAitDINAL VEINS. 



to the mesooephros (Wolffian body), and are mainly supplied by 
the blood from this orgau and from the walls of 
the body (fig. 275, c.a.t;). In many forms (Cyclo- 
stomata, Elasmobranchii and many Teleostei) they 
unite posteriorly with the caudal veins in the 
manner already described, and in a large number of 
instances the connecting branch between the two 
systems, in its passage through the mesonephros, 
breaks up into a capillary network, and so gives 
rise to a renal portal system. 

The vein from the anterior pair of fins (sub- 
clavian) usually unites with the anterior jugular 
vein. 

The venous system of the Amphibia and Am- 
niota always ditiers from that of Fishes in the 
presence of anew vessel, the vena cava inferior, 
which replaces the posterior cardinal veins ; the 
1 itter only being present, in their piscine form, 
during emhrv^oiiic life. It further difiers from that 
of all Fishes, except the Dipnoi, in the presence 
of pulmonary veins bringing back the blood dirt‘ctly 
from the lungs 

In the embryos of all the higher forms the general characters of 
the venous system are at first the same as in Fi.shes, but with the 
development of the vena cava inferior the front sections of the j)08- 
terior cardinal veins atrophy, and the ductus Cuvieri, remaining 
solely connected with the anterior cardinals and their derivatives, 
constitute the superior vena? cavac. The inferior cava receives 
the liepatic veins. 

Apart from the non-development of the snbintestinal vein the 
visceral section of the venous system is very similar to that in Fishes. 

The further changes in the venous .‘system must be dealt with 
separately for each group. 


Fia, 869. Dia- 

OKAH OF THE PA1BED 
VENOUS SYSTEM OF A 

Fish. (From Gegen- 
baur.) 

j. jugular vein 
(anterior cardinal 
vein); e. postetior 
cardinal vein ; h, he- 
patic veins; sv, sinus 
venosus; de. ductus 
Cuvieri. 


Ampllibia. In Ampliibia (G.’itte, No. 296) the anterior and ])08tenor 
cardinal veins arise as in Pisces. From the former the iiiteriiai jugular 
vein arises as a hmnch j the external jugular constituting the main stem. 
The subclavian with ite large cutaneous bmnch also springs from the 
system of the anterior cardinal. The common trunk formed by the junc- 
tion of these three veins falls inU) the ductus Cuvieri. 

The |)osteHor cardinal veins occupy the same position as in Pisces, and 
unite behind with the caudal veins, which Gotte has shewn to be originally 
situated below the postanal gut. The iliac veins unite with the posterior 
cardinal veins, where the latter fall into the caudal vein. The original 
piscine condition of the veins is not long retained. It is first of all 
disturbed by the development of the anterior part of the importsnt un- 
ioned venous trunk which forms in the adult the vena cava inferior, 
^ independently, hut unites behind with the right ])OMteri<ir 

caitiitial. From this point backwards the two cardinal veins coalesce for 
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some distance, to give rise to the poBterior section of the vena cava inferior, 
situated between the kidneys ^ The anterior sections of the cardinal veins 
subsequently atrophy. The posterior part of the cardinal veins, from tlieir 
junction with the vena cava inferior to the camlal veins, forms a rhom- 
boidal figure. The iliac vein joins the outer angle of this figure, and is 
thus in direct communication with the inferior vena cava, but it is also 
connected with a longitudinal vessel on the outer border of the kidneys, 
which receives transverse vertebral veins and transmits their blood to the 
kidneys, thus forming a renal |>ortal system. The anterior limbs of the 
rhombo.d formed by the cardinal veins soon atrophy, so that the blood 
from the hind litiihs can only pass to the inferior vena cava through the 
rtmal portal system. The [losterior paits of the two cardinal veins 
(uniting in the Urodela directly with the unpaired caudal vein) still 
persist. The iliac veins also become directly connected with a new vein, 
the anterior abdominal vein, which has meanwhile become developed. 
Thus the iliac veins liecome united with the system of the vena cava 
inferior through the vena renalis advebens on the outer border of the 
kidney, and with the anterior abdominal veins by the epigastric veins. 

The visceral venous system begins with the development of two vitelline 
veins, which at first join the sinus venosus directly. They soon become 
enveloped in the liver, where they break up into' a capillary system, which 
is also joined by the other veins from the viscera. The hepatic system has 
in fact the same relations as in Fishes. Into this system the anterior 
abdominal vein also pours itself in the adult. This vein is originally 
formed of two vessels, which at first fall directly into the sinus venosus, 
uniting close to their ojiening into the sinus with a vein from the truncus 
arteriosus. They become jirolonged backwards, and after receiving the 
epigastric veins above mentioned from the iliac veins, and also veins from 
the allantoic bladder, unite l>ehind into a single vessel. Anteriorly the 
right vein atro]>liies and the left continues forward the unpaired posterior 
section. 

A secondary connection becomes established Imtween the anterior abdo- 
minal vein and the portal system ; so that the blood originally transported 
by the former vein to the heart l>f*.comes diverted so as to fall into the liver. 
A remnant of the primitive connection is still retained in the adult in the 
form of a small vein, the so-called vena bulbi posterior, which brings the 
blood from the walls of the truncus arteriosus dii*ectly into the anterior 
abdominal vein. 

The pulmonary veins grow directly from the heart to tlie lungs. 

For our knowledge of the development of the venous system of the 
Amniota we ai-e mainly indebted to Kathke. 

Bfdptilift* As an example of Uie Reptilia the Snake may be selected, 
its venous system having been fully wwked out by Rathke in his important 
memoir on its development (No. 300 ). 

The anteinor (external jugular) and posterior cardinal veins are formed 
in the embryo as in all other types (fig. 370, vj and tx;) ; and the ^teiior 
cardinal, after giving rise to the anterior vertebial and to the cephalic veins, 
persists with but slight modifications in the adult ; while the two ductus 
Ouvieii constitute the superior vensB cav«. 

* This statement of Gfitte’s is oppoaed to that of Rathke for the Amniota, and 
cannot be considered as completely established. 
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The two posterior cardinals unite behind with the caudal veins. They 
are placed in the usual situation on the dorsal and outer border of the 
kidneys. 

With the development of the vena cava inferior, to be descril>ed below, 
the blood from the kidneys becomes mainly 
transjx)rted by this vessel to the heart; and the 
section of the posterior cardinals opening into the 
ductus Cuvieri gmdiially atrophies, their posterior 
]iart 8 remaining however on the outer border of 
the kidneys as the vena? renales advehentes*. 

While the front part of the posterior cardinal 
vems is undergoing atrophy, the intercostal veins, 
which originally poured their blood into the 
j»osterior cardinal veins, become also connected 
with two longitudinal veins — the j)o«terior ver- 
tebral veins — which are homologous with the 
azygos and hemiazygos veins of Man ; and bear 
the same I’elation to the anterior vertebral veins 
that tlie anterior and |x)sterior cardinals do to 
each otlier. 

Tliese veins are at first connecte<l by trans- 
verse aimstotiioses with the j»o 8 terior cardinals, 
but, on the distip|>earance of the front part of 
the latter, the vrljole of the blooil from the in- 
tercostal veins falls into the j)o 8 terior veiliebral 
veins. They are united in front with the anterior 
vertebnil \eins, and the common trunk of the 
two veins on each side falls into the jugular vein. 

The i>08terior vertebral veins ure at first symmetrical, but after be- 
aming connected by transverse anastomoses, the riglit becomes the more 
iiu|K>rtant of the two. 

The vena cava inferior, though considerably later in its development 
than the cardinals, arises fairly early. It constitutes in front an uii|»aired 
trunk, at first very small, opeuhig into the riyht (tUanioic close to the 
heart Posteriorly it is continuous with two veins placed on the inner 
border of the kidneys*. 

The vena cava inferior passes through the doi-sal part of the liver, and 
in doing so receives the hepatic veins. 

The |x>rtal system is at first constituted by the vittjlliiie vein, which is 
directly continuous with the venous end of the heart, and at fiiwt l^»eeives 
the two ductus Cuvieri, hut at a later period unites with the left ductus. 
It soon receives a mesenteric vein bringing the blood from the viscem, 
which is small at first but rapidly increases in inipi^rtance. 



Fio. 870. Antkbior 
rORTlON or TBK VENOUS 
SYSTEM OP AN EMBRYONIC 

Snake. (From Gegenbaur; 
after Rathke. ) 

rc. posterior cardinal 
vein; ly. jugular vein; DC. 
ductus Cuvieri ; ru. allan- 
toic vein ; v. ventricle ; ba. 
truncos arteriosus; a. vis- 
ceral clefts ; 1. auditory 
vesicle. 


‘ Kathke’s account of the vena renalis advehens is thus entirely opposed to that 
which Gdtte gives for the Frog, but my own observations on the Lizard incline me to 
accept Bathke’s statements, for the Amniota at any rate. 

• The vena cava inferior does not according to Rathke's account unite behind with 
the Interior cardinal veins, as it is stated by MtUi to do iu the Anura. Gdttc 
questions the accuracy of Kathke's statements on this head, but my own observations 
favour of Hathke’s observations, and lend no support whatever to 
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The common trunk of the vitelline and mesenteric veins, which may be 
called the portal vein, becomes early enveloped by the liver, and gives off 
bmtiches to this organ, the blood from which passes by the hepatic veins 
to the vena cava inferior. As the branches in the liver become more im- 
portant, less and less blood is directly transported to the heart, and hnally 
the part of the original vitelline vein in front of the liver is absorbed, and 
the whole of the blood from the portal system passes from the liver into 
the vena cava inferior. 

The last section of the venous system to be dealt with is that of the 
anterior abdominal vein. There are originally, as in the Anura, two veins 
belonging to this system, which owing to the precocious development of the 
bladder to form the allantois, constitute the allantoic veins (fig. 370, vu). 

These veins, running along the anterior abdominal wall, are formed 
somewhat later than the vitelline vein, and fall into the two ductu-t 
Cuvieri. They unite with two epigastric veins (homologous with those in 
the Anura), which connect them with the system of the posterior car- 
dinal veins. The left of the two eventually atrophies, so that there is 
formed an unpaired allantoic vein. This vein at first receives the vena 
cava inferior close to the heart, but eventually the junction of the two 
takes place in the region of the liver, and finally the anterior abdominal 
vein (an it comes to be after the atrophy of the allantois) joins the portal 
system and breaks up into capillaries in the liver*. 

In Lizards the iliac veins join the posterior cardinals, and so pour part 
of their blood into the kidneys ; they also become connected by the epi- 
gastric veins with the system of the anterior abdominal or allantoic vein. 
The subclavian veins join the system of the superior venie cavse. 

The venous system of Birds and Mammals diffei-s in two important 
points from that of Reptilia and Amphibia. Fir 5 tly the anterior abdominal 
vein is only a fmtal vessel, forming during foetal life the allantoic vein ; 
and secondly a direct connection is established between the vena cava 
inferior and the vein^ of the hind limb!* and posterior [>ai'ts of the cardinal 
veins, so that there is no renal j>ortal system. 

Ay 68 « The chick may be taken to illustrate the development of the 
venous system in Birds. 

On the third day, nearly the wdiole of the venous Mood from the body 
of the embryo is carried back to the heart by two main venous trunks, 
the anterior (fig. 125, SXUt, T) and |K> 8 terior (C. Va) cardinal veins, joining on 
each side to form the short transverse ductus Cuvieri (EC), l)oth of which 
unite with the sinus venosus close to the heart. As the head and neck 
continue to enlarge, and the wings become developed, the single anterior 
cardinal or jugular vein (fig. 371, /), of each side, is joined by two new 
veins ; the veitebral vein (Su, F.), bringing back blood from the head and 
neck, and the sulKjlaviau vein fi’orn the wing (If). 

On the thiid day the posterior cai’dinal veins aro the only veins which 
return the blood from the hinder part of the body of the embryo. 

About the fourth or fifth day, however, the vena cava inferior (tig. 
371, V,CJ) makes its appearance. This, starting from the sinus venosus 
not far from the heart, is on the fifth day a shori trunk running backward 
in the middle line below tlie aorta, and sjieedily losing itself in the tissues 

^ The junction between the portal Rystem and the anterior abdominal vein is 
apparently denied by Rathke (No. 300 , p. 173h but this must be an error on bis part. 
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of the Wolffian bodii^s. When the true kidneys ai'e fomied it also receives 
blood from them, and thenceforward enlarging rapidly becomes the channel 



Fio. 371. Duobam op the vENors ciiicriATioN in the Chick at the commencement 

OF THE fifth DAT, 

H. heart; DC. ductaB Cuvieri. Into the ductns Cuvieri of each aide fall J. the 
jnaular vein, Hu,V, the superior vertebral, >r. the vein from the wing, and C. the 
inferior cardinal vein ; S.V. sinnH venosus; Of. \itelline vein ; V. allantoic vein, which 
at this stage gives off branches to the body- walls ; V.C.I. inferior vena cava. 

by which the greater part of the blood from the hinder part of the lawly 
finds its way to the heart. In pi*oportion as the vena cava inferior in- 
creases in size, the posteiior cardinal veins diiuinisb. 

The blood originally coming to them from the ])OHterior part of the 
spinal cord and trunk is transported into two ^Kisterior vertebral veiiii*, 
similar to those in Reptilia, which are however placed dorsally to the heads 
of the ribs, and join the anterior vertebral veins. W^ith their appearance 
the anterior parts of the posterior cardinals disapiiear. The blood from 
the hind limbs becomes trans{>orted directly through the kidney into the 
vena cava inferior, without forming a renal portal system 

On the thinl day the course of the vessels from the yolk-sack is very 
simple. The two vitelline veins, of which the right is already the smaller, 
form the ductus venosus, from which, as it passes through the liver on its 
way to the heart, are given off the two sets of veruB and eencs 

revehentea (fig. 57 1). 

With the apfiearance of the allantois on the fourth day, a new feature 
is introduced. From the ductus venosus there is given off a vein which 

* The mode in which this is effected requires further investigaUon. 
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quickly divides into two blanches. These, running along the ventral walls 



Fio. 372. Diagram op the venocs circulation in tub Chick during the later 

DAYS OF INCUIIATION. 

H. heart; VSR. ri^ht vena cava superior; VS.L. left vena cava superior; .Sf.F. 
sinus venosuB. The two venie ca\re guperiores are the oiiffinal ‘ductus Cuvieri,* they 
open into the sinus vonosus. J. jugular vein; iSr.T". anterior vertebral vein; W. 
subclavian; V.C.I. vena cava inferior; IIP. hepatic veins; DV, ductus venosus; 
PV. portal vein ; M, inesenteric vein bringing blood from the intestines into the 
portal vein ; Of. vitelline vein ; U. allantoic vein. The three last mentioned veins 
unite together to form the portal vein. 


of the body fi'om which they receive some amount of blood, pass to the 
allantois. They are the aUatUoic veins (fig. 371, w) hoiuulogous with the 
anterior abdominal vein of the lower types. Tliey unite in front to form a 
single vein, which becomes, by reason of the rapid growth of the allantois, 
very long. The right branch soon diminishes in size and finally disappears. 
Meanwhile the left on reaching the allantois bifurcates; and, its two 
branches becoming large and conspicuous, there still appear to be two 
main allantoic veins. At its first apiiearance the allantoic vein seems to 
be but a small bi*anch of the vitelline, but as the allantois grows rapidly, 
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and the yolk -sack dwindles, this state of things is reveiaed, and the less 
conspicuous vitelline appears as a branch of the larger allantoic vein. 

On the third day the blood retimiiiig from the walls of the intestine 
is insignihcant in amount. As however the intestine becomes more and 
more developed, it acquires a distinct venous system, and its blood is 
returned by veins which form a trunk, the nitiBentenc vein (fig. 372, if), 
falling into the vitelline vein at its junction witli the allantoic vein. 

These three great veins, in fact, form a large common trunk, which 
enters at once into the liver, and which we may now ciUl the portal vein 
(fig. 372, FV), This, at its entrance into the liver, partly breaks up into 
the vence culve/ientea^ and partly continues as the ductu.s veuosus (DV) 
straight through the liver, emerging from which it joins the vena cav^a 
inferior. Beforo the establishment of the vena cava inferior, the vena^ 
revehentes, carrying back the blt»od which circulates through the he[)atic 
capillaries, join the ductus veuosus close to its exit from the liver. By 
the time however that the vena cava has become a large and important 
vessel it is found that the veme revelientes, or as we may now call them 
the hepatic veins, have shifted their embouchment, and now fall directly 
into that vein, the ductu.s venosiis making a hej)arate junction rather higher 
up (fig. 372, HF), 

This state of things continues with but slight changes till near the end 
of incubation, wdien the chick begins to breathe the air in the air-chaml)er 
of the shell, and respimtion i.^ no longer carried on by the allantois. Blood 
then ceases to fiow along the allantoic vessels ; they l»ecome obliterated. 
The vitelline vein, which as the yolk liecoraes grailually absorbed propor- 
tionately diminishes in size and importjince, comes to appear as a mere 
bniuch of the portal vein. The ductus venosus becomes obliterated ; and 



Pio. 878. Duoium of the development of the faiked venous system of 
Mammals (Man). (From Gegenbaur.) 

j. jugular vem; ei. vena cava superior ; i. subclavian veins; e. posterior cardinal 
vein ; v, vertebral vein ; az. azygos vein ; cor, coronary vein. 

A. Stage in which the cardinal veins have already disappeared. Their position is 
indicated by doited lines. 

B. Later stage when the blool from the left jugular vein is earned into the right 

to form the single vena cava superior ; a remnant of the left superior cava being how- 
ever still left. e 

C. Stage after the left vertebral vein has disappeared ; the right vertebral remain- 
ing as the azygos vein. The coronary vein remains as the last remnant of the left 
superior vena cava. 
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h«nce the whf^le of the blood coming th9*ough the portal vein dows into the 
Hubstanoe of the liver, and so by the hepatic veins into the vena cava. 

Although the allantoic (anterior aUominal) vein is obliterated in the 
adult, there is nevertheless established an anastomosis between the portal 
system and the veins bringing the blood hrom the limbs to the vena cava 
inferior, in that the caudal vein and posterior pelvic veins open into a 
vessel, known as the coccygeo-mesenteric vein, which joins the portal 
vein ; while at the same time the posterior pelvic veins are connected with 
the common iliac veins by a vessel which unites with them close to their 
junction with the coccygeo-mesenteric vein. 

Ma rnmnliq. . In Mammals the same venous trunks are developed in 
the embryo as in other types (fig. 373 A). The anterior cardinals or 
external jugulars form the piimitive veins of the anterior part of the body, 
and the internal jugulars and anterior vet tebrals are subsequently formed. 
The subclavians (fig. 37 3 A, «), developed on the formation of the anterior 
limbs, also pour their blood into these primitive trunks. In the lower 
Mammalia ( Monotremata, Marsupialia, Insectivora, some Rodentia, etc.) 
the two ductus Cuvieri remain as the two superior venae cavae, but more 
usually an anastomosis arises between the right and left innominate veins, 
and eventually the whole of the blood of the left superior cava is carried 
to the right side, and there is left only a single superior cava (fig. 373 
B and C). A small rudiment of the 
left superior cava remains however as 
the sinus coronarius and receives 
the coronary vein from the heart 
(tigs. 373 C, cor and 374, cjt). 

The posterior cardinal veins form 
at first the only veins I’eceiving the 
blood from the jwjsterior jiart of the 
trunk and kidneys; and on the deve- 
lopment of the hiinl limbs rt'ceive the 
bhxxl from them also. 

As in the ty|)es already described 
an unpaired vena cava inferior becomes 
eventually developed, and gradually car- 
ries off a larger and larger portion of 
the blood originally retunieii by the 
posterior cardinals. It unites with the 
common stem of the allantoic and vitel- 
line veins in front of the liver. 374. Diaopam of the. chief 



At a later [leriod a pair of trunks 
ia established bringing the hloiKi from 
the posterior jm-rt of the cardinal veins 
and the crural veins directly intf> the 
vena cava inferior (fig. 374, tV). These 
vesselB, whose development has n<»t been 
adequately investigated, form the com- 
mon iliao veins, while the posterior ends 
of the cardinal veins which join them 
liecome the hypogastric veins (fig. 374 
Owing to the development of the 


VENocK TKCNKs OF Man. (Ffom Ge- 
gcubaur.) 

cs, vena cava superior; sub- 
clavian vein ; ji. internal jugular ; je. 
external jugular ; ai. azygos vein ; ha. 
hemiazygos vein ; c. dotted line shew* 
ing previous position of cardinal veins ; 
ri. vena cava inferior ; r. renal veins ; 
il. iliac; hy. hypogastric veins; h. 
hepatic veins. 

The dotted lines shew the position 
of embryonic vessels aborted in the 
adult. 


B. K. U. 


35 



548 SUPRARENAL BODIES. 

both ot these structures probably unite in the higher types to form the 
suprarenal bodies. 

One of them consists of a series of paired bodies, situated on the 
branches of the dorsal aorta, segmentaily arranged, and forming a chain 
extending from close behind the heart to the hinder end of the body cavity. 
Each bc^y is formed of a series of lobes, and exhibits a well-mark^ 
distinction into a cortical layer of columnar cells, and a medullary sub- 
stance formed of irregular polygonal cells. As first shewn by Leydig, they 
are closely connected with the sympathetic ganglia, and usually contain 
numerous ganglion cells distributed amongst the proper cells of the body. 

The second body consists of an unpair^ column of cells placed between 
the dorsal aorta and unpaired caudal vein, and bounded on each side by 
the posterior parts of the kidney. 1 propose to call it the interrenal 
body. In front it overlaps the patr^ suprarenal bitdies, but does not 
unite with them. It is formed of a series of well-marked lobules, etc. In 
the fresh state Leydig (No. 506) finds that fat molecules form the chief 
mass of the body, and one finds freely imbedded in them clear vesicular 
nuclei.** As may easily be made out from hardened 8|)ecimens it is in- 
vested by a tunica propria, which gives off septa dividing it into well- 
marked ai'eas filled with polygonal cells. These cells constitute the true 
]iarenchyma of the body. By the ordinary methods of hardening, the oil 
globules, with which they are filled in the fi*esh state, completely disappear. 

The paired suprarenal bodies (Balfour, Na 292, pp. 242 — 244) are de- 
veloped from the sympathetic ganglia. These ganglia, shewn in an early stage 
in fig. 380 sy.y, become gradually £vided into a ganglionic part and a glandular 
part. The former constitutes the sympathetic ganglia of the adult ; the latter 
the true paired suprarenal bodies. The interrenal body is however 
developed (Balfour, No. 292, pp. 245 — 247) from indifferent mesoblast cells 
between the two kidneys, in the same situation as in the adult 

The development of the suprarenal bodies in the Amniota has been 
most fully studied by Braun (No. 503) in the Reptilia. 

In Lacertilia they consist of a pair of elongated yellowish bodies, 
placed between the vena renalis revehens and the generative glands. 

They are formed of two constituents, viz. (1) masses of brown cells 
placed on the dorsal side of the organ, which stain deeply with chromic acid, 
like certain of the cells of the suprarenale of Mammalia, and (2) irregular 
cords, in part provided with a lumen, filled with fat-like globules*, amongst 
which are nuclei On treatment with chromic acid the fat globules dis- 
appear, and the cords break up into bodies resembling columnar cells. 

The dorsal masses of brown cells are developed from the sympathetic 
ganglia in the same way as the paired suprarenal bodies of the Elasmo- 
branchii, while the coi’ds filled with fat-like globules aio formed of in- 
different mesoblast cells as a thickening in the lateral walls of the inferior 
vena cava, and the cardinal veins continuous with it The observations of 
Brunn (No. 504) on the Chick, and Kolliker (No. 298, pp. 953—955) on the 
Mamnud, add but little to those of Braun. They shew that the greater 
part of the gland (the cortical substance) in these two types is derived ftom 
the mesoblast, and that the glands are closely connected with sympathetic 


* ThsM gbbules are not formed ot a true fatty substance, and this is also mobablv 

true for the simtlar globules of the interrenal bodbs of Elasmobranehit. 
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ganglia ; while Kdlliker also states that the posterior part of the organ is 
unpaired in the embryo rabbit of 16 or 17 days. 

The structure and development of what I have called the interrenal 
body in Elasmobranchii so closely correspond with that of the mesoblastic 
part of the suprarenal bodies of the Reptilia, that I have very 
little hesitation in regarding them as homologous'; while the paired 
bodies in Elasmobranchii, derived from the sympathetic ganglia, clearly 
correspond with the part of the sufirarenals of Reptilia having a similar 
origin; although the anterior pai-ts of the paii^ suprarenal bodies 
of Fishes have clearly become aborted in the higher types. 

In Elasmobranch Fishes we thus have (1) a series of paired 
bodies, derived from the sympathetic ganglia, and (2) an un- 
paired body of mesoblastic origin. In the Amniota these bodies 
unite to form the compound suprarenal bodies, the two consti- 
tuents of which remain, however, distinct in their develop- 
ment The mesoblastic constituent appears to form the cortical 
part of the adult suprarenal body, and the nervous constituent 
the medullary part 

Bibliography of the Suprarenal bodies. 

(505) M. Braun. **Baa u. Entwick. d. Nebennieren bei Beptilien.*’ Arbeit, a. 
d. eooL-goot. Ifutitut WUrzburg^ Vol. v. 1879. 

(504) A. y. Brunn. Beitrag z. Eenntniss d. feinem Baues u. d. Entwick. 

d. Nebennieren.” Archivf. mikr. AnaU, Vol. Tin. 1872. 

(505) Fr. Ley dig. Untersttch. ilb. FUche u. Beptilien, Berlin, 1853. 

(506) Fr. Ley dig. Rochen u. Haie. Leipzig, 1852. 

Vide also F. M. Balfour (No. 393), Kdlllker (No. 398), Bem^ (No. 303), etc. 


^ The fact of the organ being unpaired in Elasmobranchii and paired in the 
Amniota is of no importance, as is shewn by the fact that part of the organ is unpaired 
in the Babbit. 
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THE MUSCULAR SYSTEM. 


In all the Coelenterata, except the Ctenophora, the contractile 
elements of the body wall consist of filiform processes of ectodermal 
or entodermal epithelial cells (figs. 375 and 376 B). The elements 
provided with these processes, which were first discovered by Kleinen- 
bei^, are known as myo-epithelial cells. Their contractile parts 

may either be striated (fig, 376) or 
Don-striated (fig. 375). In some in- 
stances the epithelial part of the oelJ 
may nearly abort, its nucleus alone re- 
maining (fig. 376 A) ; and in this way 
a layer of muscles lying completely 
below the surface may be established. 

There is embryological evidence of 
the derivation of the voluntary muscular 
system of a large number of types from 
myo-epithelial cells of this kind. The 
more important of these groups are the Chjetopoda, the Gephyrei^ 
the Chsstognatha, the Nematoda, and the Vcrtebrata*. 

While there is clear evidence that the muscular system of a laige 
number of types is composed of cells which had their origin in myo- 
epithelial cells, the mode of evolution of the muscular system of otner 
types is still very obscure. The muscles may arise in the embiyo from 
amoeboid or indiflTerent cells, and the Hertwigs* hold that in many of 
these instances the muscles havp also phylogenetically taken tneir 
origin from indifferent connective tissue cells. The stibject is how- 
ever beset with very serious difficulties, and to discuss it here would 
carry me too far into the region of pure histology. 

^ If recent statements of Metschnikoff are to be trusted, the Kchinodermata must 
be added to these groups. The ameeboid cells stated in the drst volume of this 
treatise to form the muscles in this group, on the authority of Selenka, give rise, aooord* 
***8 only to the cutis, while the same naturalist states epithelial 

cells w theyasoperitone^ vesicles are provided with muscular tails. 

O. and R. Hertwig, Die Cmlomiheorie. Jena. 1881. 
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The voluntary muscular system of tiie Chordata. 

The muscular fibres. The miiscalar elements of the Chordata 
undoubtedly belong to the myo-epithelial type. The embryonic 




Fio. 376. Mdsclk-cellb of Lizzm Eoeuebbi. (From Lankester; after 
O. and E. Hertwig.) 

A. Muscle-cell from the circular fibres of tbc subumbrella. 

E. Myo-epithelial cells from the base of a tentacle. 

muscle cells are at first simple epithelial cells, but soon become 
spindle-shaped : part of their protoplasm becomes differentiated into 
longitudinally placed striated muscular fibrils, while part, enclosing 
the nucleus, remains indifferent, and constitutes the epithelial ele- 
ment of the cells. The muscular fibrils are either placed at one side 
of the epithelial part of the cell, or in other instances (the Lamprey, 
the Newt, the Sturgeon, the Rabbit) surround it. The latter ar- 
rangement is shewn for the Sturgeon in fig. 57. 

The number of the fibrils of each cell gradually increases, and 
the protoplasm diminishes, so that eventually only the nucleus, or 
nuclei resulting from its division, are left. The products of each cell 
probably give rise, in conjunction with a further division of the 
nucleus, to a primitive bundle, which, except in Amphioxus, Petro- 
myzon, etc., is surrounded by a special investment of sarcolemma. 

The voluntary muscula^ system. For the purposes of descrip- 
tion the muscular system of the Vertebrata may conveniently be 
divided into two sections, viz. that of the head and that of the trunk. 
The main part,, if not the whole, of the muscular system of the trunk 
is derived from certain structures, known as the muscle-plates, 
which take their origin from part of the primitive mesoblastic 
somites. 

It has already been stated (pp. 243 — 246) that the mesoblastic 
somites are derived from the dorsal segmented part of the primitive 
mesoblastic plates. Since the history of these bodies is presented 
in its simplest form in Elasnu»branchii it will be convenient to com- 
mence with this group. Each somite is composed of two layers — a 
somatic and a splanchnic — both formed of a single row of columnar 
cells. Between these two layers is a cavity, which is at first directly 
continuous with the general body cavity, of which indeed it merely 
forms a specialized part (fig. 377). Before long the cavity becomes 
however completely constricted off from the permanent body cavity. 
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Very early (fig. S77) the inner or splanchnic wall of the somites 
loses its simple constitution, owing to the middle part of it under- 
going peculiar changes. The meaning of the changes is at once 
shewn ny longitudin;^ horizontal sections, which prove (fig. 378) that 
the cells in this situation {vnp) have become extended in a longi- 
tudinal direction, and, in fact, form typical spindle-shaped embryonic 
muscle-cells, e€w*h with a large nucleus. Every muscle-cell extends 
for the whole length of a somite. The inner layer of each somite, 
immediately within the muscle-band just described, begins to pro- 
liferate, and produce a mass of cells, placed between the muscles 
and the notochord ( Vr), These cells form the commencing vertebral 
bodies, and have at first (fig. 378; the same segmentation as the 
somites from which they sprang. 

After the separation of the vertebral bo*lies from the somite.s, 
the remaining parts of the somites may 
be called muscle- plates ; since they be- 
come directly converted into the whole 
voluntary muscular system of the trunk 
(fig. 371), mp). 

According to the statements of Bambeke 
and Gdtte, the Amphibians present some 
noticeable peculiarities *in the development 
of their muscular system, in that such distinct 
muscle-plates as those of other vertebrate 
tyj)es are not develof)ed. Each side-plate of 
mesoblast is divided into a somatic and a 
splanchnic layer, continuous throughout the 
vertebral and parietal portions of the plate. 
The vertebral }x>rtions (somites) of the plates 
soon become separated from the parietal, and 
form iude}>endeut masses of cells c: instituted 
of two layers, which were originally con- 
tinuous with the .somatic and splanchnic layers 
of the [larietal plates (fig. 79). The outer or 
somatic layer of the vei-tebral plates is formed 
of a single row of cells, but the inner or 
splanchnic layer is made up of a kernel of 
cells on the side of the somatic layer and 
an inner layer. The kernel of the splanohnic 
layer and the outer or somatic layer together 
corre8fK>iid to a inuRcle-plate of other Verte- 
brata, and exhibit a similar segmentation. 

Osseous Fishes are stated to agree* with 
Amphibians in the development of their 
somites and muscular system \ but farther observations on this point are 
leqnired. 

In Birds the horizontal splitting of the mesoblast extends at first to tiie 
dorsal summit of the mesoblastic plates, but after the isolation of the 

* Ehrlich, ** Ueber den periidier. Tlieil <1. TJrwirbel.” Aithh /. iii/cr. AntU,^ Vol. xi. 
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nc, neural canal ; pr. pos- 
terior root of spinal nerve ; r, 
snhnotoebordal rod ; ao. aorta ; 
8C, somatic mesoblast ; ip, 
splanchnic mesoblast ; mp. 
muscle plate ; mp\ portion of 
muscle -plate conv^ted into 
muscle; Vv, portion of the 
vertebral plate which will give 
rise to the vertebral bodies; al, 
alimentary tract. 
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somites the split between the somatic and splanchnic layers becomes to a 
large extent obliterated, though in 
the anterior somites it appears in 
part to persist. The somites on the 
second day, as seen in a transverse 
section(fig. 115, P.v.), are somewhat 
quadrilateral in form but broader 
than they are deep. 

£^ch at that time consists of a 
^^•aApnewhat thick cortex of radiating 
ratBSt^anular columnar cells, en- 
closing a small kernel of spherical 
cells. They are not, as may be 
seen in the above figure, completely 
separated from the ventral (or late- 
ral as they are at this period) parts 
of the mesoblastic plate, and the 
dorsal and outer layer of the cortex 
of the somites is continuous with 
the somatic layer of mesoblast, the 
i*e!iiainder of the cortex, with the 
central kernel, being continuous 
with the splanchnic layer. Towards the end of the second and beginning 
of the third day the U[)per and outer layer of the cortex, together probably 
with some of tlie central cells of the keniel, becomes separated off as a 
muscle-plate (fig. IIG). The muscle-plate when formed (fig. 117) is found 
to consist of two layei's, an inner and an outer, which enclose between 
them an almost obliterated central cavity ; and no sooner is the muscle- 
plate formed than the middle portion of the inner layer becomes converted 
into longitudinal muscles. The avian muscle-plates have, in fact, pre- 
cisely the same constitution as those of Elasmobranchii. The central 
space is clearly a remnant of the vertebral yortimi of the body cavity^ 
which, though it wholly or partially disappears in a previous stage, i*e- 
a[>[)ears again on the formatiim of the muscle- plate. 

The remainder of the somite, after the formation of the muscle-plate, 
is of very considerable bulk ; the cells of the cortex belonging to it lose 
their distinctive characters, and the major part of it becomes the vertebral 
rudiment. 

In Mammalia the history ap(>ear8 to be genemlly the same as in Elas- 
mobranchii. The split which gives rise to tlie body cavity is continued to 
the dorsal summit of the mesoblastic plates, and the dorsal portions of the 
plates with their c6utained cavities become divided into somites, and are 
then separated off from the ventral. The later development .of the somites 
has not been worked out with the requisite care, but it would seem that 
they form somewhat cubical bodies in which all trace of the primitive slit 
is lust. The further development rasembles that in Birds. 

The first changes of the mesoblastic somites and the formation of 
the muscle-plates do not, according to existing statements, take 
place on quite the same type throughout the Vertebrata, yet the 
comparison which has been instituted between Elasmobranchs and 
other Vertebrates appears to prove that there are import^int common 



Fio. 378. Horizontal section through 

THE TRUNK OF AN EMBRYO OF SCYLLIUM CON- 
SIDERABLY YOUNGER THAN 28 F. 

The section is taken at the level of the 
notochord, and shews the separation of the 
ceils to form the vertebral bodies from the 
muscle-plates. 

clu notochord ; ep, epiblast ; Fr. mdiment 
of vertebral body; mp. muscle-plate; mp\ 
portion of muscle- plate already differential 
into longitudinal muscles. 
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features in their development, which may he regarded as primitive, 
and as having been inherited from the ancestors of Vertebrates 
These features are (1) the extension of the body cavity into the 
vertebral plates, and subsequent enclosure of this cavity between the 
two layers of the muscle-plates ; (2) the primitive division of the 
vertebral plate into an outer (somatic) and an inner (splanchnic) 
layer, and the formation of a large part of the voluntary muscular 
system out of the inner layer, which in idl cases is converted into 
muscles earlier than the outer layer. 

The conversion of the mnsola-plates into muscles. It will be 
convenient to commence this subject with a description of the changes 

which take place in such a simple type 
as that of the Elasmobranchii. 

At the time when the muscle-plates 
have become independent structures 
they form flat two-layered oblong bodies 
enclosing a slit-like central cavity (fig. 
279, mp\ The outer or somatic wall 
is formed of simple epithelial -like cells. 
The inner or splanchnic wall has how- 
ever a somewhat complicated structure. 
It is composed dorsally and ventrally 
of a columnar epithelium, but in its 
middle portion of the rnuscle-cells pre- 
viously spoken of. Between these and 
the central cavity of the plates the epi- 
thelium forming the remainder of the 
layer commences to insert itself ; so 
that between the first-formed muscle 
and the cavity of the muscle-plate there 
appears a thin layer of cells, not how- 
ever continuous throughout. 

When first formed the muscle-plates, 
as viewed from the exterior, have nearly 
straight edges ; soon however they be- 
come bent in the middle, so that the 
edges have an obtusely angular form, 
the apex of the angle being directed 
forwards. They are so arranged that 
the anterior edge of the one plate fits 
into the posterior edge of the one in 
front. In the lines of junction between 
the plates layers of connective tissue cells appear, which form the 
commencements of the intermuscular septa. 

The growth of the plates is veiy rapid, and their upper ends 
soon extend to the summit of the neural canal, and their lower ones 
nearly meet in the median ventral line. The original band of 
muscles, whose growth at first is very slow, now increases wi^ great 



Fio. 379. Section throcoh 

THE TRUNK OF A ScYLLlUM EMRRTO 
SLIQHLT TOUNOER THAN 28 F. 

9p.e. spinal canal ; W, white 
matter of spinal cord ; pr. poste- 
rior nerve-roots ; ch, notochord ; 
X. sub-notochordal rod ; oo. aorta ; 
wip. muscle-plate ; mp\ inner layer 
of muscle-plate alr^y converted 
into musics; Vr, rudiment of 
vertebral body ; $L segmental 
tube; $d. segmental duct; sp.v. 
spiral valve ; v. subintestinal vein ; 
p.o. primitive generative cells. 
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mpidityi and fonus the nucleus of the whole voluntary musculat 
system (fig. 380, mp'). It extends upwards and downwards by the 
continuous conversion of fresh cells of the splanchnic layer into 
muscle-cells. At the same time it grows rapidly in thickness by the 
addition of fresh spindle-shaped muscle-cells from the somatic layer as 
well as by the division of the already existing cells. 

Thus both layers of the muscle-plate are concerned in forming the 
great lo^itudinal lateral muscles, though the splanchnic layer is con^ 
verted into muscles very much sooner than the somatic^. 

Each muscle-plate is at first a continuous structure, extending 
from the dorsal to the ventral surface, but after a time it becomes 
divided by a layer of connective tissue, which becomes developed nearly 
on a level with the lateral line, into a dorso-lateial and a ventro- 
lateral section. The ends of the muscle-plates continue for a long 
time to be formed of undifferentiated columnar cells. The compli- 
cated outlines of the inter-muscular septa become gradually esta- 
blished during the later stages of development, causing the well-known 
appearances of the muscles in transverse sections, which require no 
special notice here. 

The muscles of the limbs. 1 he limb muscles are formed in 
Elasmobranchii, coincidently with the cartilaginous skeleton, as two 
bands of longitudinal fibres on the dorsal and ventral surfaces 6f the 
limbs (fig. The cells, from which these muscles originate, are 

derived from the muscle-plates. When the ends of the muscle-plates 
reach the level of the limbs they bend outw^ards and enter the tissue of 
the limbs (fig. 380). Small portions of several muscle-plates {mpl) 
come in this way to be situated within the limbs, and are very soon 
segmented off from the remainder of the muscle-plates. The portions of 
the muscle-plates thus introduced soon lose their original distinctness. 
There can however be but little doubt that they supply the tissue for 
the muscles of the limbs. The muscle-plates themselves, after giving 
off buds to the limbs, grow downwards, and soon cease to shew any 
trace of having given off these buds. 

In addition to the longitudinal muscles of the trunk just described, 
which are generally characteristic of Fishes, thei*e is found in Amphioxus a 
peculiar transverse abdominal muscle, extending fi*om the mouth to the 
abdominal pore, the origin of which has not been made out 

It has already been shewn that in all the higher Vertebrata 
muscle-plates appear, which closely resemble those in Elasmobranchii; 
so that all the higher Vertebrata pass through, with reference to their 
muscular system, a fish-like stage. The middle portion of the inner 
layers of their muscle-plates Incomes, as in Elasmobranchii, con- 

^ The brothers Hertwig have recently maintained that only the inneir layer of the 
musole^plates is convert^ into muscles. In the Elasmobranobs it is easy to de- 
monstrate the incorrectness of this view, and in Aoipenser (vide fig. 67, the two 
layers of the muscle-plate retain their original relations after the oeUs of both of them 
have become converted into muscles. 
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verted into muscles at a very early period, and the outer layer for a 
long time remains formed of inaifferent cells. That these mtiscle- 
plates give rise to the main muscular system of the trunk, at any 



Fio. 380. Tbanbvkbse section thbouoh the antbbiob baht or thb thumb 

or AM EMBBTO OF SCYLLIUM SLIGHTLY OLJ>£R THAN FlO. 20 B. 

The section is diagrammatjo in so far that the anterior nervc-roots have been 
inserted for the whole length ; whereas they join the spinal cord half-way between two 
posterior roots. 

spinal cord; $p,g. ganglion of posterior root; ar. anterior root; lift, dorsaltf 
directed nerve springing from posterior root; mp. mnsele-piate; mp\ part of mnsd^ 
plate already converted into mnscles ; m,pl, part of muscle-plate which i^ves rise to 
the muscles of the limbs; nU nervns lateralis ; ao. aorta ; eh, notochord; fp.p. term* 
pathetic ganglion; ca.v. cardinal vein; sp.it. spinal nerve; rd. segmental (ardhhimiliiio) 
duct; »U segnmtal tube; da. duodenum; pan. pancreas; hp,d, point of jnnimm d 
hepatic'duct with duodenum ; tifiic. umbilical canal. 




THE MV8CVLAM SYSTEM. 


m 


rate to the episkeletal muscles of Huxley, is practically certain, but 
the details of the process have not been made out 

In the Perennibranchiata the fish-like arrangement of muscles is re- 
tained through life in the tail and in the dorso-lateral parts of the tnmk. 
In the tail of the Amniotic Vertebmta the primitive arrangement is also 
more or less retained, and the same holds good for the dorso-lateral trunk 
muscles of the Lacertilia. In the other Ainniota and the Anura the 
dorso-lateral muscles have become divided up into a series of separate 
muscles, which are arranged in two main layers. It is probable that the 
intercostal muscles belong to the same group as the dors<»-lateral muscles. 

The abdominal muscles of the trunk, even in the lowest Amphibia, 
exhibit a division into several layers. The recti abdoinitiis are the least 
altered part of this system, and uKually retain indications of the primitive 
inter-muscular septa, which in many Amphibia and Lacertilia are also 
to some extent preserved in the other abdominal muscles. 

In the Amniotic Vertebrates there is foimed underneath the vertebral 
column and the Iransvewe processes a system of muscles, forming part 
of the hy|)Oskeletal system of Huxley, and called by Gegenbaur the 
Bubvertebral muscles. The development of this system has not been 
worked out, but on the whole I am inclined to believe that it is derived 
from the muscle-plates. Kdlliker, Huxley and other embryologists believe 
however that these muscles are inde|>endent of the muscle-plates in their 
origin. 

Whether the muscle of the diaphragm is to be placed in the same 
category as the hyposkeletal muscles has not been made out. 

It is probable that the cutaneous muscles of the trunk are derived 
from the cells given off from the muscle-plates. Kolliker however believes 
that they have an inde[)eudent origin. 

The limb-muscles, both extrinsic and intrinsic, as may be concluded 
from their development in Elasmobranchii, are derived from the muscle- 
plates. Kleinenberg found in Lacertilia a growth of the muscle-plates 
into the limbs, and in Amphibia Gotte finds that the outer layer of the 
muscle-plates gives nse to the muscles of the limbs. 

In the higher Vertebrata on the other hand the entrance of the muscle- 
plates into the limbs has not been made out (Kbllikt^r). It seems therefore 
probable that by an embryological modification, of which instances are so 
frequent, the cells which give rise to the muscles of the limbs in the higher 
Vertebmta* can no longer be traceil into a direct connection with the muscle- 
plates. 


The Somites and muscular system of the head. 

The extension of the somites to the anterior end of the body in Ain- 
phioxus clearly proves that somites, similar to those of the trunk, were 
originally present in a region, which in the higher Vertebrata has 
become differentiated into the head. Tn the adult condition no true 
Vertebrate exhibits indications of such somites, but in the embryos 
of several of the lower Vertebrata structures have been found, which 
are probably eouivalent to the somites of the trunk : they have been 
frequently alluaed to in the previous chapters of this volume. ^ These 
structures have been most fully worked out in Elasmobranchii. 
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The mesoblast in Elasmobranch embryos becomes first split into 
somatic and splanchnic layers in the region of the head; and between 
these layers there are formed two cavities, one on each side, which 
end in front opposite the blind anterior extremity of the alimentary 
canal ; and are continuous behind with the general body cavity (fig. 
20 A, vp)» I propose calling them th e head-cavities. The cavities 
of the two sides have no communication with each other. 

Coincidently with the formation of an outgrowth from the 
throat to form the first visceral cleft, the head-cavity on each side 
becomes divided into a section in front of the cleft and a section 


behind the cleft ; and at a later period it becomes, owing to the 
formation of a second cleft, divided into three sections: (1) a section 
in front of the first or hyomandibular cleft; (2) a section in the 
hyoid arch between the hyomandibular cleft and the hyobranchial or 
first branchial cleft ; (3) a section behind the first branchial cleft. 

The front section of the head-cavity grows forward, and soon 
becomes divided, without the intervention of a visceral cleft, into an 

anterior and posterior division. The 
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anterior lies close to the eye, and in 
front of the commencing mouth in- 
volution. The posterior part lies com- 
pletely within the mandibular arch. 

As the rudiments of the successive 
visceral clefts are formed, the posterior 
part of the head-cavity becomes divided 
into successive sections, there being 
one section for each arch. Thus the 
whole head-cavity becomes on each 
side divided into (1) a premandibular 
section ; (2) a mandibular section {mde 
fig. 29 A, pp); (3) a hyoid section; 
(4) sections in each of the branchial 
arches. 

The first of these divisions forms 
a space of a considerable size, with 


The section, owing to the cranial 
flexnre, cuts both the fore- and the 
hind-brain. It shews the preman- 
dibular and mandibular head cavities 
Ipp and*2pp, etc. The section is 
moreover somewhat oblique from side 
to side. 

fb. fore-brain ; 1. lens of eye ; m. 
mouth; pt, upper end of mouth, 
forming pituitary involution; lao. 
man^buiar aortic arch; 1pp. and 
2pp, first and second head cavities ; 
Ive, first visceral cleft; V. fifth 
nerve; aun. auditory nerve; VII, 
seventh nerve; aa. dorsal aorta; 
aev, anterior cardinal vein; ch, 
notochord. 


epithelial walls of somewhat short 
columnar cells ffig. 381, Ipp), It is 
situated close to the eye, and presents 
a rounded or sometimes a triangular 
figure in section. The two halves of 
the cavity are prolonged ventralwards, 
and meet below the base of the fore- 
brain. The connection between them 
appears to last for a considerable 
time. These two cavities are the only 
parts of the body cavity within the 
head which unite ventraliy. The sec- 
tion of the head-cavity just described 
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is so similar to tlio remainiDg sections that it must be cousidered 
as serially homolo^us with them« 

The next division of the head-cavity, which from its position may 
be called the mandibular cavity, presents 
a spatulate shape, being, dilated dorsally, 
and produced ventrally into a long thin 
process parallel to tha hyomandibular gill- 
cleft (fig. 20,;?/?). Like the previous space 
it is lined by a short columnar epithelium. 

The mandibular aortic arch is situated 
close to its inner side (fig. 381, 2/?/?). After 
becoming separated from the lower part 
(Marshall), the upper part of the cavity 
atrophies about the time of the appear- 
ance of the external gills. Its lower part 
also becomes much narrowed, but its walls 
of columnar cells persist. The outer or 
somatic wall becomes very thin indeed, 
the splanchnic wall, on the other hand, 
thickens and forms a layer of several row-s of elongated cells. In 
each of the remaining arches there is a segment of the original body 
cavity fundamentally similar to that in the mandibular arch (fig. 382). 
A dorsal dilated portion appears, however, to be present in the third 
or hyoid section alone (fig 20), and even there disappears very soon, 
after being segmented off from the lower part (^Marshall). The 
cavities in the posterior parts of the head become much reduced like 
those in its anterior part, though at rather a later period. 

It has been shewn that the divisions of the body cavity in the 
head, with the exception of the anterior, early become atrophied, 
so however their walls. The cells forming the walls both of 
the dorsal and ventral sections of these cavities become elongated, 
and finally become converted into muscles. Their exact history 
has not been followed in its details, but they almost unquestionably 
become the musculus contrictor superficialis and miisculus inter- 
branchialis' ; and probably also musculus levator mandibuli and other 
muscles of the front part of the head. 

The anterior cavity close to the eye remains unaltered much 
longer than the remaining cavities. 

Its further history is very interesting. In my original account of 
this cavity (No. 292, p. 208) I stated my belief that its walls gave 
rise to the eye-muscles, and the history of this process has been to 
some extent worked out by Marshall in his important memoir (No. 

509)* 

Marshall finds that the ventral portion of this cavity, where its 
two halves meet, becomes separated from the remainder. The eventual 

1 Vide Vetter, “Die Kiemea und Kiefermusculatur d. Fische.” Jenamhe Zcit- 
f, Vol. VII. 
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ep. epiblast; vc. pouch of 
hypoblast which will form the 
walls of a visceral cleft; pp, 
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ceral arch ; aa. aortic arch. 
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fate of this part has not however been followed. Each dorsal 
section acquires a cup-like form, investing the posterior and inner 
surface of the eye. The cells of its outer wall subsequently give rise 
to three sets of muscles. The middle of these, partly also derived 
from the inner walls of the cup, becomes the rectus internus of the 
eye, the dorsal set forms the rectus superior, and the ventral the rectus 
inferior. The obliquus inferior appears also to be in part developed 
from the walls of this cavity. 

Marshall brings evidence to shew that the rectus externus (as 
might be anticipxted from its nerve supply) has no connection with 
the walls of the premandibular head-cavity, and finds that it arises close 
to the position originally occupied by the second and third cavities. 
Marshali has not satisfactorily made out the mode of development of 
the obliquus superior. 

The walls of the cavities, whose history has ju'^t been recorded, 
have definite relations witli tlie cranial nerves, an account of which 
has already been given at p. 379. 

Head-cavities, in the main similar to those of Elasmobranchii, have 
been found in the embryo of Petrom>zon (fig. 45, Ac), the Newt 
(Osborn and Scott), and variou.s Reptilia (Parker). 
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CHAPTER XXIII. 

EXCRETORY ORGANS. 


Excretory organs consist of coiled or branched and often ciliated 
tubes, with an excretory pore opening on the outer surface of the 
body, and as a rule an internal ciliated orifice placed in the body- 
cavity. In forms provided with a true vascular system, there is a 
special development of capillaries around the glandular part of the 
excretory organs. In many instances the glandular cells of the organs 
are filled with concretions of uric acid or some similar product of nitro- 
genous waste. 

There is a very great morphological and physiological simi- 
larity between almost all the forms of excretory organ found in the 
animal kingdom, but although there is not a little to be said for 
holding all these organs to be derived from some common prototype, 
the attempt to establish definite homologies bel\vee!i them is beset 
with very great difficulties. 

Platywninthes. Throughout the whole of the Platyelminthes 
these organs are constructed on a well-defined type, and in the 
Rotifera excretory organs of a similar form to those of the PJatyel- 
minthes are also present. 

These organs (Fraipont, No. 513) are more or less distinctly 
paired, and consist of a s\stem of wide canals, often united into a 
network, which open on the one hand into a pair of large tubes 
leading to the exterior, and on the other into fine canals which 
terminate by ciliateil openings, either in spaces between the con- 
nective-tissue cells (Platyelminthes), or in the body-cavity (Kotifera). 
The fine canals open directly into the larger ones, without first 
uniting into canals of an intermediate size. 

The two large tubes open to the exterior, either by means of a 
median posteriorly placed contractile vesicle, or by a pair of vesicles, 
which have a ventral and anterior position. The former type is 
characteristic of the majority of the Trematoda, Cestoda, and Roti- 
fers, and the latter of the Nemertea and some Trematoda. In the 

R. E. U. 30 
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Turbellaria the position of the external openings of the system is 
variable, and in a few Cestoda (Wagner) there are lateral openings 
on each of the successive proglottides, in addition to the terminal 
openings. The mode of development of these organs is unfortunately 
not known. 

MoUnsca. In the Mollusca there are usually present two in- 
dependent pairs of excretory organs — one found in a certain number 
of forms during early larval life only‘, and the other always present 
in the adult 

The larval excretory organ has been found in the pulmonate 
Gasteropoda (Gegenbaur, Fol*, Rabl), in Teredo (Hatschek), and pos- 
sibly also in Paludina. It is placed in the anterior regii n of the body, 
and opens ventrally on each side, a short way behind the velum. It 
is purely a larval organ, disappearing before the close of the vcliger 
stf^e. In the aquatic Pulmonata, where it is best developed, it 
consists on each side of a V-shaped tube, with a dorsally-}>laced apex, 
containing an enlargement of the lumen. There is a ciliated cephalic 
limb, lined by cells with concretions, and terminating by an internal 
opening near the eye, and a non-ciliated pedal limb opening to the 
exterior*. 

Two irreconcilable views are held as to the development of this 
system. Rabl (Vol. I. No. 268) and Hatschek hold that it is de- 
veloped in the mesoblast; and Rabl states that in Planorbis it is 
formed from the anterior mesoblast cells of the mesoblastic bands. 
A special mesoblast cell on each side elongates into two processes, 
the commencing limbs of the future organ. A lumen is developed 
in this cell, which is continued into each limb, wliile the continua- 
tions of the two limbs are formed by perforated mesoblast cells. 

According to Fol these organs originate in aquatic Pulmonata as 
a pair of invaginations of the opiblast, slightly behind the mouth. 
Ec^h invagination grows in a dorsal direction, and after a time 
suddenly bends on itself, and grows ventralwards and fomards. It 
thus acquires its V-shaped form. 

In the terrestrial Pulmonata the provisional excretory organs are, 
according to Fol, formed as epiblastic invaginations, in the same way 
as those in the aquatic Pulmonata, but have the form of simple non- 
ciliated sacks, without internal openings. 

'The permanent renal organ of the Mollusca consists typically of a 
pair of tubes, although in the majority of the Gasteropoda one of 
the two tubes is not developed. It is placed considerably behind 
the provisional renal organ. 

> 1 leave oat of consideration an extoniul renal organ found in many maxiue 
Oasteropod lar^, vide Vol. i. p. 2S2. 

^ H. Fol, ** Etudes sur le d^vel. d. MoUnsques.” Mem. iii. Arehiv d, ZooL expir. 
et gMr.^ Vol. vxii. 

* The careful observations of Fol seem to me nearly conclusive in favour of this 
limb having an external opening, and the statement to the reverse effect on p. 282 of 
Vol. I. of this treatise, made on the authority of Babl and Butschli, must probably be 
corrected. 
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Each tube, in its most typical form, opens by a ciliated funnel into 
the pericardial cavity, and has its external opening at the side of the 
foot. The pericardial funnel leads into a glandular section of the 
organ, the lining cells of which are filled with concretions. This 
section is followed by a ciliated section, from which a narrow duct 
leads to the exterior. 

As to the development of this organ the same divergence of 
opinion exists as in the case of the provisional renal organ. 

Rabl’s careful observations on Planorbis (Vol. I. No. 268) tend to 
shew that it is developed from a mass of mesoblast cells, near the end 
of the intestine. The mass becomes hollow, and, attaching itself to 
the epiblast on the left side of the anus, acquires an opening to the 
exterior. Its internal opening is not established till after the 
formation of the heart. Fol gives an equally precise account, but 
states that the first rudiment of the organ arises as a solid mass of 
epiblast cells. Lankester finds tliat this organ is developed as a 
paired invagination of the epiblast in Pisidiiim, and Bobretzky also 
derives it from the epiblast in marine Prosobranchiata. In Cephalo- 
poda on the other hand Bobretzky ’s observations (I conclude this 
from his figures) indicate that the excretory sacks of the renal 
organs are derived from the mesoblast. 

Polyzoa. Simple excretory organs, consisting of a pair of ciliated 
canals, opening between the mouth and the anus, have been found 
by Hatschek and Joliet in the Eutoproctous Polyzoa, and are de- 
veloped, according to Hatschek, by whom they w^ere first found in 
the larva, from the mesoblast. 

Brachiopoda. One or rarely two (Rliynchonella) pairs of canals, 
with both peritoneal and external openings, are found in the Brachio- 
poda. They undoubtedly serve as genital ducts, but from their struc- 
ture are clearly of the same nature as the excretory organs of the 
(yhajtopoda described below. Their development has not been worked 
out. 

ChSBtopoda. Two forms of excretory organ have been met with 
in the Chietopoda. The one form is universally or nearly universally 
present in the adult, and typically consists of a pair of coiled tubes 
repeated in every segment. Each tube has an internal opening, 
placed as a laile in the segment in front of that in which the greater 
part of the organ and the external opening are situated. 

There are great variations in the structure of these organs, which 
cannot be dealt with here. It may be noted however that the 
internal opening may be absent, and that there may be several in- 
ternal openings for each organ (Polynoe). In the Capitellidae more- 
over several pairs of excretory tubes have been shewn by Eisig (No. 
512) to be present in each of the posterior segments. 

The second form of excretory organ has as yet only been found in 
the larva of Polygordius, and will be more conveniently dealt with in 
connection with the development of the excretory system of this 
form. 
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There is still coesiderable doubt as to the mode of formation of 
the eiLcretory tubes of the Chrotopoda. Kowalevsky (No. 277)^ 
from bis observations on the OligochaBta, bolds that they develop 
as outgrowths of the epithelial layer covering the posterior side of 
the dissepiments, and secondarily become connected with the epi- 
dermis. 

liatschek finds that in Criodrilus they arise from a continuous 
linear thickening of the somatic mesoblast, immediately beneath 
the epidermis, and dorsal to the ventral baud of longitudinal muscles. 
They break up into S-shaped cords, the anterior end of each of 
which is situated in front of a dissepiment, and is formed at first of 
a single large cell, while the posterior part is continued into the seg- 
ment behind. The cords are covered by a peritoneal lining, which 
still envelopes them, when in the succeeding stage they are carried 
into the body-cavity. They subsequently become hollow, and their 
hinder ends acquire openings to the exterior. The formation of 
their internal openings has not been followed. 

Kleinenberg is inclined to believe that the excretory tubes take 
their origin from the epiblast, but states that he has not satisfactorily 
worked out their development. 

The observations of Eisig (No. 512) on the Capitellidae support 
Kowalevsky’s view that the excretory tubes originate from the 
lining of the peritoneal cavity. 

Hatschek (No. 514) has given a very interesting account of the 
development of the excretory system in Polygordius. 

The excretory system begins to be formed, while the larva is 
still in the trochosphere stage (fig. Ji 83 , nph), and consists of a 

provisional excretory organ, which is placed 
in front of the future segmented part of 
the body, and occupies a positi<»n very 
similar to that of the provisional excretory 
organ found in some Molliiscan larvae {vide 
p. 562). 

Hatschek, with some show’ of reas<m, 
holds that the provisional excretory organs 
of Polygordius are homologous with those 
of the Mollusca. 

In its earliest stage the provisional 
excretory organ of Pol jgordius consists of a 
pair of simple ciliated tubes, each with an 
anterior funnel-like opening situated in the 
midst of the ine.soblast cells, and a poste- 
rior external opening. The latter is placed 
immediately in front of what afterwards becomes the segmented 
region of the emb^o. While the larva is still unsegmented, a second 
internal opening is formed for each tube (fig. 383 , nph) and the two 
openings so formed may eventually become divided into five (fig. 
384 A), all communicating by a single pore with the exterior. 


sa 



Fxo. 883. PoLTiiORIilUA 
(After Hatschek.) 
m. month ; $g. 8apra<ce8o- 
phaaeal ganglion ; npk.nephri> 
dion; me.p. mesohlMtic band; 
an, antis; ol, stomach. 
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^ When the posterior region of the embryo becomes segmented, 
paired excretory organs are formed in each of the posterior segments, 
but the account of their development, as given by Hatschek, is so 
remarkable that I do not think it can be definitely accepted with- 
out further confirmation. 

From the point of junction of the two main branches of the 
larval kidney there grows backwards (fig. 384 B), to the hind end 
of the first segment, a very delicate tube, only indicated by its 
ciliated lumen, its walls not being differentiated. Near the front 
end of this tube a funnel, leading into the larval body cavity of 
the head, is formed, and subsequently the posterior end of the tube 
acquires an external opening, and the tube distinct walls. The com- 
munication with the provisional excretory organ is then lost, and 
thus the excretory tube of the first segment is established. 

The excretory tubes in the second and succeeding segments 
are formed in the same way as in the first, i,e, by the continuation of 
the lumen of the hind end of the excretory tube from the preceding 
segment, and the 8ubse(|uent separation of this part as a separate 
tube. 

The tube may be continued with a' sinuous course through 
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Flo. 384. DiAOHAM illustrating THI;: 1>KVEL01>MENT of the excretory SYSTEtf 
or F0LY00RDIU8. (After Hatschek.) 

several segments without a distinct wall. The external and internal 
openings of the permanent excretory tubes are thus secondarily ac- 
quired. The internal openings communicate with the permanent 
body cavity. The development of the permanent excretory tubes is 
difiOTammatically represented in fig. 384 C and 1). 

The provisional excretory organ atrophies during larval life. 

If Hatschek’s account of the development of the excretory system of 
Polygordius is coirect, it is clear that important secondary mmlitications 
must have taken place in it, because his description implies that there 
sprouts fiom the anterior excretory organ, while it has its own external open- 
ing, a posterior duct, which does uot communicate either with the exterior 
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or with the body cavity I Such a duct could have «o function. It w 
intelligible either (1) that the anterior excretory organ should lead into 
a longitudinal duct, opening posteriorly ; that then a series of secondary 
openings into the body cavity should attach themselves to this, tliat for 
each internal opening an extennil should subsequently arise, and the 
whole break up into separate tubes ; or (2) that behind aii anterior pro- 
visional excretory organ a series of secondary inde))eudent segmental tubes 
should be formed. But from Hatsebek’s account neither of these modes of 
evolution can be deduced. 

Oephyrea. The Gepbvrea may liave three forms of excretory 
organs, two of which are found in the adult, and one, similar in 
position and sometimes also in structure, to the provisional ex- 
cretory organ of Polygordiiis, has so far only been found in the 
larvae of Echiurus and Boiiellia. 

In ail the Gephyrea the so-calIe<l ‘brown tubes' are apparently 
homologous with the segmente<l excretory tubes of Ch^topods. 
Their main function appears to be the transporUition of the gene- 
rative products to the exterior. There is but a single highly 
modified tube in Bonellia, forming the oviduct and uterus; a pair 
of tubes in the Gephyrea inennia, and two or three pairs in most 
Gephyrea arinata, excej>t Bonellia. Their devolopnlent has not been 
studied. 

In the Gephyrea armata there is always present a pair of pos- 
teriorly placed excretory organs, opening in the adult into the anal 
extremity of the alimentary tract, and provided with numerous 
ciliated peritoneal funnels. These organs were stated by Spengel to 
arise in Bonellia as outgrowths of the gut ; but in EchiaruH Hatschek 
(No. 515) finds that they arc developtMl from the somatic mesoblast 
of the terminal pa t of the trunk. They soon become liollow, and 
after attaching themselves to the epiblast on each side of the anus, 
acquire external 0}>enings. They are not at first provided with 
peritoneal funnels, but the.se parts of the organs become developed 
from a ring of cells at their inner extremities; and there is at first 
but a single funnel for each vesicle. The mode of increase of the 
funnels has not been observed, nor has it becui made out how the 
organs themselves become attached to the hind-gut. 

The provisional excretory organ of Echinru.s is developed at an 
early larval stage, and is functional during the wliole of larval life. 
It at first forms a ciliated tul)e on each side, placed in front of that 
part of the larva which becomes the trunk of the adult. It opens 
to the exterior by a fine pore on the ventral side, immediately in 
front of one of the mesoblastic bands, and appears to be formed 
of perforated cells. It terminates internally in a slight swelling, 
which represents the normal internal ciliated funnel The primi- 
tively simple excretory organ becomes eventually highly complex by 
the formation of numerous branches, each ending in a slightly swollen 
extremity. These branches, in the later larval stages, actually form 
a network, and the inner end of each main branch divides into a 
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bunch of fine tubes. The whole organ resembles in many respects 
the excretory organ of the Platyelminthes. 

In the larva of BoneUia Spengel has described a pair of provisional 
excretory tubes, opening near the anterior end of the body, which are 
probably homologous with the provisional excretory organs of Echiurus 
{vide Vol. I., fig. 162 C, se). 

Biscophora. As in many of the types already spoken of, per- 
manent and provisional excretory organa may be present in the 
Discophora, The former are usually segmentally arranged, and 
resemble in many respects the excretory tubes of the Chaetopoda. 
They may either be provided with a peritoneal funnel (Nephelis, 
Clepsine) or have no internal opening (Hirudo). 

Bourne* has shewn that the cells surrounding the main duct in 
the medicinal Leech are perforated by a very remarkable network of 
ductules, and the structure of these organs in the Leech is so peculiar 
that it is permissible to state with due reserve their homology with 
the excretory organs of the (^hsetopoda. 

The excretory tubes of Clepsine are held by Whitman to be 
developed in the inesoblast. 

There are found in the embryos of Nephelis and Hirudo certain 
remarkable provisional excretory organs the origin and history of 
which are not yet fully made out. In Nephelis they appear as one 
(according to Robin), or (according to Biitschli) as two successive 
pairs of convoluted tubes on the dorsal side of the embryo, which 
are stated by the latter author to develop from the scattered meso- 
l)last cells underneath the skin. At their fullest development they 
extend, according to Rabin, from close to the head to near the ventral 
sucker. Each of them is U-shaped, with the open end of the U 
forwanls, each limb of the U being formed by two tubes united in 
front. No external opening has l>een clearly made out. Furbringer 
is inclined from his ow n researches to believe that they open laterally. 
They contain a clear fluid. 

In Hirudo. Leuckart has described three similar pairs of organs, 
the structure of which he has fully elucidated. They are situated 
in the posterior part of the body, and each of them commences 
with an enlargement, from which a convoluted tube is continued 
for some distance backwards ; the tube then turns forwards again, 
and after bending again upon itself opens to the exterior. The an- 
terior part is broken up into a kind of labyrinthic network. 

The provisional excretory organs of the Leeches cannot be identi- 
fied with the anterior provisional organs of Polygordius and Echiurus. 

Arthropoda. Amongst the Arthropoda Feripatm is the only 
form with excretory organs of the type of the segmental excretory 
organs of the Chcetopoda*. 

I On the Structure of the Nephridia of the Medicinal Leech.” QmrU J, of 
Uicr, .Scteiic^ Vol. xx. 1880. , . x ^ • i* 

a Vide F. M. Balfour, On some points in the Anatomy of Penpatus Capensis.” 
Quart. J. of Micr. Science, Vol. xxx. 1870. 
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These organs are placed at the bases of the feet, in the lateral 
divisions of the lx)dy cavity, shut off from the main median division 
of the body cavity by longitudinal septa of transverse musc!ea 

Each fully developed organ consists of three parts : 

(1) A dilated vesicle opening externally at the base of a foot. 
(2) A coiled glandular tube connected with this, and subdivided again 
into several minor divisions. (3) A short terminal portion opening 
at one extremity into the coiled tube and at the other, as I be- 
lieve, into the body cavity. This section becomes very conspicuous, 
in stained preparations, by the intensity with which the nuclei of its 
walls absorb the colouring matter. 

In the majority of the Tracheata the excretory organs have the 
form of the so-called Malpighian tubes, which always (vide Vol. i.) 
originate as a pair of oiitgrow'ths of the epiblastic proctoda?um. From 
their mode of development they admit of comparison with the anal 
vesicles of the Oephyrea, though in the present state of our know- 
ledge this comparison must be regarded as somewhat hypothetical. 

The autennary and shell-gknds of the Crustacea, and possibly also 
the so-called dorsal organ of various Cnistacean larvae appear to be 
excretory, and the two former have been regarded by Claus and 
Qrobben as belonging to the same system as the segmental excretory 
tubes of the CliaBtojjoda. 

Nematoda. Paired excretory tubes, rurming for the whole length 
of the body in the so-called lateral line, and opening in front by a 
common ventral pore, are present in the NematrKla. They do not 
appear to communicate with the body cavity, and their development 
has not been >tudied. 

Very little is known with reference either to the structure or 
development of excretory organs in the Echinodermata and the other 
Invertebrate ty{)e.s of which no nientioii has l)eeu so far made in this 
Chapter. 

Excretory organs and yenerative ducts of the Craniata, 

Although it would be convenient to separate, if possible, the 
history of the excretory organs from that of the generative ducts, yet 
these parts are so closely related in the Vertebrata, in some cases the 
same duct having at once a generative and a urinary function, that it 
is not possible to do so. 

The excretory organs of the VerteV)rata consist of three distinct 
glandular bodies and of their ducts. These are (1) a small glandular 
body, usually with one or more ciliated funnels opening into the body 
cavity, near the opening of which there projects into the body cavity 
a vascular glomerulus. It is situated very far forwards, and is usually 
known as the head- kidney, though it may perhaps be more suitably 
called, adopting I^nkester's nomenclature, the pronephros. Its duct, 
which forms the basis for the generative and urinary ducts, will be 
called the segmental dud. 
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(2) The Wolffian body, which may be also called the mesonephros. 
It consists of a series of, at first, segmen tally (with a few exceptions) 
arranged glandular canals (segmental tubes) primitively opening at 
one extremity by funnel-shaped apertures into the body cavity, and 
at the other into the segmental duct. This duct becomes in many 
forms divided longitudinally into two parts, one of w^hich then 
remains attached to the segmental tubes and forms the Wolffian or 
mesonephric dacty while the other is known as the Mullerian duct 
(3; The kidney proper or metanephros. This organ is only 
found in a completely difterentiated form in the amniotic Vertebrata. 
Its duct is an outgrowth from the Wolffian duct. 

The al)Ove parts do not coexist in full activity in any living adult 
member of the Vertebrata, though all of them are found together in 
certain embryos. They are so intimately connected that they cannot 
be satisfactorily dealt with separately. 

Elasmobranchii. The excretory system of the Elasmobranchii is 
by no means the most primitive known, but at the same time it forms a 
convenient starting point for studying the modifications of the system 
in other groups. The most remarkable peculiarity it presents is the 
absence of a pronephros. The development of the Elasmobranch 
excretory system has been mainly studied by Semper and myself. 

The first trace of the system makes its appearance as a knob of 
mesoblast, springing from tlie intermediate cell-mass near the level of 
the hind end of the heart (fig. 385 A, pd). This knob is the rudiment 
of the abdominal opening of the segmental duct, and from it there 
grows backwards to the level of the anus a .solid column of cells, 
which constitutes the rudiment of the segmental duct itself (fig. 385, B, 
pd). The knob projects towards the epiblast, and the column connected 



Fio. 886. Two SECTIONS of a Pwistiubus embryo with three yiscebal clefts. 

The sections illastrute the development of the segmental duct (pd) or pr'mitive duct 
of the pronephros. In A (tlie anterior of the two secdiouB) this appears as a solid knoh 
(jMf) projecting towards the epiblast. In B is seen a section of the column which has 
grown backwards from the knob in A. 

spn. rudiment of a spinal nerve; wie. mwlullary canal; rk. notochord; X. snb- 
notochordal rod; wp. muscle-plate; mp\ specially developed portion of muscle-plate; 
oo. dorsal aorta; pd, segmental duct; so. somatopleure ; itp. splaachBopleure; pp. 
body cavity ; rp. epiblast ; aL alimentary canal. 
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with it lies between the mesoblast and epiblast. The knob and 
column do not long remain solid, but the former acquires an open- 
ing into the body cavity (fig. 421, «d) 
continuous with a lumen, which makes 
its appearance in the column (fig. 386, 
arf). The knob forms the only structure 
which can be regarded as a rudiment 
of the pronephros. 

While the lumen is gradually being 
formed, the segmental tubes of the me- 
sonephros become established. They ap- 
pear to arise as differentiations of the 
parts of the primitive lateral plates of 
mesoblast, placed between the dorsal end 
of the body cavity and the muscle-plate 
(fig. 386, sty, which are usually known 
as the intermediate cell-masses. 

The lumen of the segmental tubes, 
though at first very small, soon becomes 
of a considerable size. It appears to be 
established in the position of the section 
of the body cavity in the intermediate 
cell-mass, w^bich at first unites the part 
of the body cavity in the muscle-plates 
with the permanent, body cavity. The 
lumen of each tube opens at its lower 
end into the dorsal part of the body 
cavity (fig. 386, st), and each tube curls 
obliquely backw^ards round the inner and 
dorsal side of the segmental duct, near 
which it at first ends blindly. 

One .segmental tube makes its ap- 
pearance for each somite (fig. 265), com- 
mencing with that immediately behind the abdominal opening of 
the segmental duct, the last tul)e being situated a few segments 
behind the anus. Soon after their formation the blind ends of the 
segmental tul>e8 come in contact with, and open into the segmental 
duct, and each of them becomes divided into four parts. These are 
(1) a section carrying the peritoneal opening, known as the peri- 
toneal funnel, (2) a dilated vesicle into which this open.s, (3) a 
coiled tubulus proceeding from (2), and terminating in (4) a wider por- 
tion opening into the segmental duct. At the same time, or shortly 
before this, each segmental duct unites with and opens into one of 

> In my original account of the development I held these tal)ee to be invaginations 
of the peritoneal epithelium. Sedgwick (No. 549) was led to doubt the accuracy of my 
original etatement from hie investigations on the chick ; and from a re-examination 
of my specimens be arrived at the results stated above, and which I am now myself 
inclined to adopt. 



Fig. 386 . Section thkocgh 

THE TBtJKK OF A SCYLLIUM EMBRYO 
SLIGHTLY YOUNOEK THAN 28 F. 


8p.c, Spinal canal; W. white 
matter of spinal cord ; pr. poste- 
rior nerve- roots; eh, notochord; 
jr.snb-notochordal rod ; go. aorta ; 
mp. muscle-plate; mp'. inner layer 
of muscle-plate alrea<ly converted 
into muscles ; Vr. rudiment of 
vertebral body ; at, segmental 
tube; id. segmental duct; sp.v. 
spiral valve; r. subin testinal vein; 
p.o. primitive generative cells. 
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the home of the cloaca, and also retires from its i»imitive position 
between the epiblast and niesoblast, and assumes a TOsition close to 
the epithelium lining the body cavity (fig. 380, sd). The general fea- 
tures of the excretory organs at this period are diagrammatically re- 
presented in the woodcut (fig. 387). In this fig. jd is the segmental 
duct and o its abdominal opening ; si points to the segmental tubes, 
the finer details of whose structure are not represented in the diagram. 
The mesonephros thus forms at this period an elongated gland com- 
posed of a series of isolated coiled tubes, one extremity of each of 
which opens into the body cavity, and the other into the segmental 
duct, which forms the only duct of the system, and communicates at 
its front end wdth the body cavity, and behind with the cloaca. 

The next important change concerns the segmental duct, which 
becomes longitudinally split into two complete ducts in the female, 
and one complete duct and parts of a second duct in the male. The 
manner in which this takes place is diagrammatically represented in 
fig. 387 bv the clear line x, and in transverse section in figs. 388 and 389. 
The resulting ducts are (1) the Wolffian duct or mesonephric duct 
{wd\ dorsally, which remains continuous with the excretory tubules 
of the mesonephros, and ventrally (2) the oviduct or Mullerian duct in 
the female, and the rudiments of this duct in the male. In the 



Flu, 3S7. Diaukam or thk primitive condition of the kidney in an 
Edasmoiiranch EM1IU\0. 

pii. scKincntal clnct. It opens nt o into the body cavity and at its other extremity 
into t)ie cloaca; x. Hue along which the dmsion appears which separates the segmental 
duct into the Wolffian duct ah ive and the Mullerian duct below ; segmental tubes. 
They open at one end into the body cavity, and at the other into the segmental duct. 


female the formation of these ducts takes place (fig. 389) by a nearly 
solid rod of cells being gradually split off from the ventral side of all 
but the foremost part of the original segmental duct. This nearly 
solid cord is the Mullerian duct {od), A very small portion of the 
lumen of the original segmental duct is perhapiv continued into it, 
but in any case it very soon acquires a wide lumei (fig. 389 A). The 
anterior part of the segmental duct is not divided, but remains con- 
tinuous with the Mullerian duct, of which its anterior pore forms the 
permanent peritoneal opening’ (fig. 387). The remainder of the seg- 

^ Five or six segmental tubes lielotig to the region of the undivided anterior part 
of the segmental duct, which forms the front end of the Mullerian duct; but they ap- 
pear to atrophy very early, without acquiring a definite attachment to the segmental 
duct. 
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mental duct (alter the loss of its aoterior section, and the part split 
off from its ventral side) forms the Wolffian duct. The process of 



Fio. H88. DIAUUAMMATIC ItKI'lCKHtN- 
TATIOK OP A TBAN8VEKHK RKCTION OF A 
HcTLLIUM EXBRYO ILLPHTItATINO 'IHE >0|l- 
MATION Of THE WoLFFlAN ANli MuLLEKlAN 
I>UCT8 BT THE LON<HTri>II«AL HPMTTINO OP 
THE BEOltKKTAL DUCT. 

me. medullary canal: wp, intiacle* 
plate; eh. notochord; <io. aoita; eur. 
cardinal vein; Hegmental tube. On 
the left side the aection pauses thioucli 
the openmg of a aegmental tnbe into the 
body cavity. On the ri^ht thin o])euing 
ia represented by dotted lines, and the 
opening of the segmental tube into the 
Wolffian duct has been cut through ; ir.d. 
Wolffian duct: m.d. Mullerian duct. The 
section is taken through the point where 
the segmental duct and Wolffian duct 
have just become separate; gr. the ger- 
minal ri ige with the thickened germinal 
epithelinm; t. liver; i. intestine with 
spiral valve. 


fr/C 



Fio. .H89. Fora sections 

THKOroU THE ANTEIllOK PAMT 
OP THE 8EOMP.NTAL l»tJCT OP A 
P'.MALE EMBRYO OP SCYLLITTM 
CANICULA. 

The figure shews how the 
segmental duct becomes split 
into the Wolffian or meso- 
nephric duct above, and Mul- 
lerian duct or oviduct below. 

trd. Wolffian or meso- 
nephric duct ; od. Mullerian 
duct or oviduct ; $d. segmen- 
tal duct. 


formation of these ducts in the male differs from that in the female 
chiefly in the fact of the anterior undivided part of the segmental 
duct, wrhicb forms the front end of the Miilleriau duct, being shorter, 
and in the column of cells with which it is continuous being from 
the first incomplete. 

The segmental tubes of the mesonephros undergo further im- 
portant changes. The vesicle at the termination of each peri- 
toneal funnel sends a bud forwards towards the preceding tubulus, 
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which joins the fourth section of it close to the opening into the 
WolflSan duct (fig. 390 pa:}. The remainder of the vesicle becomes 
converted into a Malpighian 
body (7nff), By the first of 
these changes a tube is estab- 
lished connecting each pair of 
segments of the mesonephros, 
and though this tube is in part 
aborted (or only represented by 
a fibrous band) in the anterior 
part of the excretory organs in 
the adult, and most probably in 
the binder part, yet it seems 
almost certain that the second- 
ary and tertiary Malpighian 
bodies of the majority of seg- 
ments are developed from its 
persisting blind end. Each of 
these secondary and tertiary 
Malpighian bodies is connected 
with a convoluted tnbulus (fig. 

391 a?wy), which is also deve- 
loped from the tube connecting 
each pair of segmental tubes, 
and therefore falls into the primary tubulus close to its junction 
with the segmental duct. Owing to the formation of the accessory 
tubuli the segments of the mesonephros acquire a compound cha- 
racter. 

The third section of each tubulus becomes by continuous growth, 
especially in the hinder segments, very bulky and convoluted. 


Fio. 390. Longitudinal vertical sec- 
tion THnOUOH PART OF THE MESONEPHROS OF 
AN EMBRYO OP ScYLLIUM. 

The fij^nre contains two examples of the 
budding of the vesicle of a segmental tube 
(which forms a Malpighian body in its own 
segment) to unite with the tubulus in the 
preceding segment close lo its opening into 
the Wolffian (mesonephric) duct. 

pe. epithelium of body-cavity; st. peri- 
toneal funnel of segmental tube with its 
peritoneal opening ; mg. Malpighian body ; 
p.r. bud from Malpighian body uniting with 
preceding segment. 



Fio* 891. Three hkumknth of the antkrior part of the mesonephros of a 

MIABLY RIPE BIIBRYO OF SCVLLICM CANICULA AS A TRANSPARENT OBJECT. 

The figure shews a fibrous band passing fixim the primary to the secondary Mai- 
pij^iw bodies in two segments, which is the remains of the outgrowth firom the piimary 
Malpighian body. 

iLo, peritoneal funnel; p.mp, primary Malpighian body; a.mp, aecessoiy Mai- 
1 body; tr.d. mesonephric (Wolffian) duct. 
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The general character of a slightly developed segment of tiie 
mesonephros at its full growth may be gathered from fig. 391. It 
commences with (1) a peritoneal opening, somewhat oval in form 
(sto) and leading directly into (2) a narrow tube, the segmental tube, 
which takes a more or le<s oblique course backwards, and, passing 
superficially to the Wolffian duct {w.d), opens into (3) a Malpighian 
body at the anterior extremity of an isolated coil of glandular 

tubuli. This coil forms the third section of each segment, and 
starts from the Malpighian body. It consists of a considerable 
number of rather definite convolutions, and after uniting wdth tubuli 
from one, two, or more (according to the size of the segment) acces- 
sory Malpighian bodies (a.mg) smaller than the one into which the 
segmental tube falls, eventually opens by (4) a narrowish collecting 
tube into the Wolffian duct at the posterior end of the segment. 
Each segment is probably completely isolated from the adjoining 
segments, and never has more than one peritoneal funnel and one 
communication with the Woljfan duct. 

Up to this time there has been no distinction between the 
anterior and posterior tubuli of the mesonephros, which alike open 
into the Wolffian duct. The collecting tubes of a considerable num- 
ber of the hindermost tubuli (ten or eleven in Scyllium canicula), 
either in some 8|)ecies elongate, overlap, and eventually open by 
apertures (not usually so numerous as the separate tubes), on nearly 
the same level, into the hindermost section of the Wolffian duct in 
the femde, or into the urinogenital cloiica, formed by the coalesced 
terminal parts of the Wolffian ducts, in the male ; or in other species 
become modified, by a peculiar process of .sjditting from the Wolffian 
duct, so as to pour their secretion into a single duct on encl\ side, 
which opens in a posithm corresponding with the numerous ducts 
of the other species (fig. 392). In both cases the modified posterior 
kidney-segments are probably e<piivalent to the permanent kidney 
or metanephros of the amniotic Vertebrates, and for this re<iaon the 
numerous collecting tubes or .single collectiiig tube, as the case may 
be, will be spoken of as ureters. The anterior tubuli of the primitive 
excretory organ retain their early relation to the Wi>lffian duct, and 
form the permanent Wolffian body or mesonephros. 

. The originally separates terminal extremities of the Wolffian ducts 
always coalesce, and form a urinal cloaca, opening by a single aper- 
ture, situated at the extremity of the median papilla behind the anus. 
Some of the peritoneal openings of the segmental tubes in Scyllium, 
or in other cases all the openings, become obliterated. 

In the male the anterior segmental tubes undergo remarkable 
modifications, and become connected with the testes. Branches 
appear to grow from the first three or four or more of them (though 
probably not from their peritoneal openings), which pass to the base 
of the testis, and there uniting into a longitudinal canal, form a 
network, and receive the secretion of the testicular ampulla (fig. 
393, nt). These ducts, the vasa efferent! a, carry the semen to the 
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WolflSan body, but before opening into the tubuli of this body they 
unite into a canal known* as the longitudincd canal of the Wolffian body 
{Lc)t from which pass ofif ducts equal in number to the vasa efferentia, 
each of which normally ends in a Malpighian corpuscle. From the 
Malpighian corpuscles so connected there spring the convoluted tubuli, 
forming the generative segments of the Wolffian body, along which 
the semen is conveyed to the Wolffian duct (y.d). The Wolffian duct 
itself becomes much contorted and acts as vas deferens. 



Fia. 392. Diagram op the arranoemknt of the vrinooenital organs 

IN AN ATHJLT PEAtALE Kl-ASMOBRANCH. 

fft.d. Mullerian duct; tr.d. Wolffian duct; k.I. segmental tubes; five of them are 
represented with openings into the body cavity, the posterior segmental tubes form 
the mesonephros ; ov. ovary. 


Figs. 392 and 393 are diagrammatic representations of the 
chief constituents of the adult urinogenital organs in the two 
sexes. In the adult female (fig. 392), there are present the following 
parts: 

(1) The oviduct or Mullerian duct (m.d) split off from the 
segmental duct of the kidneys. Each oviduct opens at its anterior 
extremity into the body-cavity, and behind the two oviducts have 
independent communications with the general cloaca. 



Fio. 898, Diaoram of the arrangement of the urinogenital organs 

IN AN ADULT MALE ElASMOBRANCH. 

m.d* rudiment of Miillerian duct; to.d, Wolffian duct, marked vd in front and 
serving as vas deferens ; s,t, segmental tubes ; two of them are represented with open- 
ing into the body cavity; d. ureter; t. testis; nt, canal at the base of the testis; 
VS, vasa ellerentia; Ic, longitudinal canal of the Wolffian body. 
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(2) The mesonephric ducts (w.d), the other product of the seg- 
mental ducts of the kidneys. They end in front by becoming con- 
tinuous with the tubuliis of the anterior persiating segment of the 
mesonephros on each side, and unite behind to open by a common 
papilla into the cloaca. The mesonephric duct receives the secretion 
of the anterior tubuli of the primitive mesonephros. 

(3) The ureter which carries oft' the secretion of the kidney 
proper or metanephros. It is represented in my diagram in its most 
rare and differentiated condition as a single duct connected with the 
posterior segmental tubes. 

(4) The segmental tubes (s.t) some of wliicli retain their original 
openings into the body cavity, and others are witliout them. They 
are divided into two groups, an anterior forming the mesonephros or 
Wolffian body, which pours its secretion into the Wolffian duet ; and 
a posterior group ft>rming a gland which is probably equivalent to 
the kidney proper of aiiiniotic Cmniata, and is connected with the 
ureter. 

. In the male the following parts are present (tig. 393) : 

(1) The Miillerian duct (/a.rf), consisting of a small rudiment 
attached to the liver, representing the foremost end of the oviduct of 
the female. 

(2) The niesonepliiic duct {ivA) which precisely corresponds to 

the mesonephric duct of the female, but, in addition to serving as the 
duct of the Wolffian body, also acts as a vas deferens In the 

adult male its foremost part has a very tortuous course. 

(3) The ureter (r?), which has the same fundamental constitution 
as in the female. 

(4) The segmental tubes The iiosterior tubes have the 

same arrangement in both sexes, but in the male modiffcations take 
place in counectiun with the anterior tubes to fit them to act as 
transporters of the semen. 

Connected with the anterior tubes there are prescujt (1) the vasa 
efferentia ( VE), united on tlie one hand wdth (2; the central canal in 
the base of the testis (nt), and on the other with the longitudinal 
canal of the Wolffian body (fc). From the latter are seen passing off 
the successive tubuli of the anterior segments of the Wolffian bodv, 
in connection with which Malpighian bodies are typically present, 
though not represented in my diagram. 

Apart from the absence of the pronephros the points which deserve 
notice in the Elasmobranch excretory system are (1 ; The splitting of 
the segmental duct into Wolffian (mesonephric) and Mttlleriau ducts. 
(2) The connection of the former with the mesonephros, and of the 
latter with the abdominal <mening of the segmental duct which 
represents the pronephros of other types. (3) Tlie fact that the 
Mullerian duet serves as oviduct^ and the Wolffian duct as vas 
deferens. (4) The differentiation of a posterior section of the meso- 
nephros into a special gland foreshadowing the metanephros of the 

A rvknmtu 
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G^dostoiliata. The development of the excretory system amongst 
the Uyclostomata has only been studied in Petromyzon (Miiller, 
Fiirbringer, and Scott). 

The first part of the system developed is the segmental duct. It 
appears in the embryo of about 14 days (Scott) as a solid cord of cells, 
differentiated from the somatic mesoblast near the dorsal end of the 
body cavity. This cord is at first placed immediately below the 
epiblast, and grows backwards by a continuous process of differen- 
tiation of fresh mesoblast cells. It soon acquires a lumen, and 
joins the cloacal section of the alimentary tract before the close of 
foetal life. Before this communication is established, the front end 
of the duct sends a process towards the body cavity, the blind end of 
which acquires a ciliated opening into the latter. A series of about 
four or five successively formed outgrowths from the duct, one behind 
the other, give rise to as many ciliated funnels opening into the body 
cavity, and each communicating by a more or less elongated tube with 
the segmental duct. These funnels, which have a metameric arrange 
ment, constitute the pronephros, the whole of which is situated in the 
pericardial region of the body cavity. 

On the inner side of the peritoneal openings of each pronephros 
there is formed a vascular glomerulus, projecting into the body- 
cavity, and covered by peritoneal epithelium. For a considerable 
period the pronephros constitutes the sole functional part of the 
excretory system, 

A mesonephros is formed (FUrbringer) relatively late in larval life, 
as a segmentally arranged series of solid cords, derived from the peri- 
toneal epithelium. These cords constitute the rudiments of the 
segmental tubes. They are present for a considerable portion of the 
body cavity, extending backwards from a point shortly behind the 
pronephros. They soon separate from the peritoneal epithelium, 
become hollowed out into canals, and join the segmental duct. At 
their blind extremity (that originally connected with the peritoneal 
epithelium) a Malpighian body is formed. 

The pronephros is only a provisional excretory organ, the atrophy 
of which conunences during larval life, and is nearly completed when 
the Ammocoete has reached 180 inm. in length. Further changes 
take place in connection with the excretory system on the con- 
version of the Ammocoete into the adult. 

The segmental ducts in the adult fall into a common urinogenital 
cloaca, which opens on a papilla behind the anus. This cloaca also 
communicates by two apertures (abdominal pores) with the body 
cavity. The generative products are carried into the cloaca by these 
pores; so that their transportation outwards is not performed by 
any part of the primitive urinary system. The urinogenital cloaca 
is formed by the separation of the portion of the primitive cloaca 
containing the openings of the segmental ducts from that connected 
with the alimentary tract. 

The mesonephros of the Aramoccete undergoes at the meta- 

B. E. II. 37 
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morphosis complete atrophy, and is physiologically replaced by a 
posterior series of segmental tubes, opening into the hindermost 
portion of the segmental duct (Schneider). 


Itt Myxine the exci*etory system consists ( I ) of h highly develo|»ed pro- 
nephros with a hunch of ciliated j>eritoiieal funnels opening into the peri- 
cardial section of the body cavity. The coiled and branched tubes of which 
the pronephros is composed open on the ventral side of the anterior ]>ortioii 
of the segmental duct, which in t»ld individuals is cut off from the i>osterior 
section of the duct. On the dorsal side of the i>oition of the segmental 
duct belonging to the pronephros there are present a small nmnV>er of 
iiiverticiila, terminating in glomeruli : they are probably to be i*egarded as 
anterior s^*gmental tubes. (2) Of a mesonephros, which commences a 
considerable distance beliind the pronephros, and is formed of straight 
extremely simple segmental tubes opening into the segmental duct (fig. 385). 

Tile excretory system of Myxine clearly 



i*etains the cbaiactei's of the system as it 
exists in the larva of Petroiiiyzon. 

Teleostei. In most Teleostei the 



FlO. 824. PCBTIOHS OF THK 
MKSovxpHBos OF Myxinb. (Froui 
Gegenbaur; after i, Mtiller.) 

a. segmental duet; h, sevmen- 
tal tube; r. gkmiertilas; d. afferent, 
efferent artery. 

B represents a portion of A 
highly magnified. 


pronephros and ine.^onephro8 coexist 
through life, and their products are 
carried ofi‘ by a duct, the nature of 
which is somewhat doubtful, but which 
i.s probably homologous with the meso- 
nephric duct of other tyjx‘8. 

The system commences in the em- 
bryo (Rosenberg, Oelbicher, Gbtte, 
Furbringer) wdth the formation of a 
grouve-iike fold of the somatic layer 
of |>eritoneal epithelium, wdiich becomes 
gradually constricted into a canal ; tlu^ 
process of constriction commencing in 
the middle and extending in both di- 
rections. The canal does not however 
close anteriorly, but remains open to 
the body cavity, thus giving rise to a 
funnel equivalent to the pronephric 
funnels of Petromyzon and Myxine. On 
the inner side of this funnel there is 
formed a glomertdus, projecting into the 
body cavity ; and at tne same time that 
this is being formed the anterior end 
of the canal becomes elongated and 
convoluted. The alxive structures con- 
stitute a pronephros, while the pos- 
terior part of the primitive canal forms 
the segmental duct. 

The piition of the body cavify with 
the glomeniliis and jieritoiieal fitiinel 
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of the proaephros (fig. 395, po) soon becomes completely isolated from 
the remainder, so as to form a closed cavity {gl). The development 



Fio. 305. Section throuoh the pronephros of a Troi:t and adjac’^nt parts 

TEN DAYS BEFORE HATCHING. 

pr.n, pronephros; po. opening of pronephros into the isolated portion of tlje 
l)ody cavity containing the glomerulus; ///. glomerulus; ao. aorta; ch. notochord; 
r.. subuotochordal rod; al. alimentary tract. 

of the mesonephros does not take place till long after that of the pro- 
nephros, Tlie segmental tubes which form it are stated by Furbringer 
to arise from solid ingrowths of peritoneal epithelium, developed 
successively from before backwards, but Sedgwick informs me that 
they arise as differentiations of the mesoblastic cells near the peri- 
toneal epithelium. They soon become hollow, and unite with the 
segmental duct. Malpighian bodies are develojied on their median 
portions. They grow very greatly in length, and become much con- 
voluted, but the details of this process have not been followed out. 

The foremost segmental tubes are situated close behind the pro- 
nephros, while the hindermost are in many cases developed in the 
postanal continuations of the body cavity. The pronephros appears 
to form the swollen cephalic portion of the kidney of the adult^ and 
the mesonephros the remainder ; the so-called caudal portion, where 
present, being derived (?) from tlie. postanal segmental tubea 

In some cases the cephalic portion of the kidneys is absent in the 
adult, which probably implies the atrophy of the pronephros ; in other 
instances the cephalic portion of the kidneys is the only part de- 
veloped. Its relation to the embryonic pronephros requires however 
further elucidation. 

In the adult the ducts in the lower part of the kidneys He a;s 
a rule on their outer borders, and almost invariably open into a 
urinary bladder, wdnch usually opens in its turn on the urinogenital 

37—2 
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papilla immediately behind the genital poi'e, but in a few instances 
there is a common urinogenital pore. 

In most Osseous Fish there are true generative ducts continuous 
with the investment of the generative organs. It appears to me 
most probable, from the analogy of Lepidosteus, to be described in 
the next section, that these ducts are split oflf from the primitive 
segmental duct, and correspond with the Mullerian ducts of Elasmo* 
branchii, etc. ; though on this point we have at present no positive 
embryological evidence {vide general considerations at the end of the 
Chapter). In the female Salmon and the male and female Eel the 
generative products are carried to the exterior by abdominal pores. 
It is possible that this may represent a primitive condition, though it 
is more probably a case of degeneration, as is indicated by the pre- 
sence of ducts in the male Salmon and in forms nearly allied to the 
Salmonidse. 

The coexistence of abdominal pores and generative ducts in 
Mormyrus appears to me to demonstrate that the generative ducts in 
Teleostei cannot be derived from the coalescence of the investment of 
the generative organs with the abdominal pores. 

}ideL The true excretory gland of the adult Ganoidei resem- 
bles on the whole that of Tele- 
ostei, consisting of an elongated 
band on each side — the meso- 
nephros — an anterior dilatation 
of which probably represents the 
pronephros. 

There is in both sexes a 
Mullerian duct, provided, except 
in Lepidosteus, with an abdomi- 
nal iunnel, which is however 
situated relatively very far back 
in the abdominal cavity. The 
Mullerian ducts appear to serve 
as generative canals in both sexes. 
In Lepidosteus they are contin- 
uous with the investment of the 
generative glands, and thus a re- 
latian between the generative ducts 
and glands, very similar to that in Teleostei, is brought oboat. 

Posteriorly the Mullerian ducts and the ducts of the mesonephros 
remain united. The common duct so formed on each side is clearly 
the primitive segmental duct. It receives the secretion of a certain 
number of the posterior mesonephric tubules, and usually unites 
with its fellow to form a kind of bladder, opening by a single pore 
into the cloaca, behind the anus. The duct whicn receives the 
secretion of the anterior mesonephric tubules is the true mesonephric 
or Wolffian duct 

The development of the excretory system, which has been 



Fio. 3S6. Section thbouoh the trunk 
OP k Lepii>ost£ub ehbryo on the sixth 

J>AT AFTEB IKPBBONATION. 

me. medallaiy cord; m». mesoblast; ng. 
segmental duct; eh. notochord; ar. sub* 
notochordal rod ; hy, hypoblast. 
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partially worked out in Acipeneer and Lepidosteus*, is on the 
whole vejy similar to that in the Teleostei. The first portion of the 



Flo. 897. Xbakbvbbsb bection trbouoh the amtebiob pabt of an Acipenbeb 
EMBRTo. (After SalenBky.) 

lif, me^lullary groove; Mp. medullary plate; IFr/. segmental duct ; (7/e. notochord ; 
En, h^'iioblaat ; Sgp. mesoblastic Bomite ; Sp. parietal part of mesoblastic plate. 

system to be formed is the segmental duct. In Lepidosteus this duct 
is formed as a groove-like invagination of the somatic peritoneal 
epithelium, preci.sely jus in Teleostei, Jind shortly afterwards forms a 
duct lying between the mesoblast and the epildast (fig. 396, sg). In 
Acipen.ser (Salensky) however it is formed as a solid ridge of the 
Asomatic mesoblast, as in Petromyzon and Elasmobranchii (fig. 397, 
%). 

In both forms the ducts unite behind with the cloaca, and a pro- 
nephros of the Teleostean type appears to be developed. This gland is 
provided with but one‘^ peritoneal opening, which together with the 
glomerulus belonging to it becomes encapsuled in a special section of 
the body cavity. The opening of the pronephros of Acipenser into 
this cavity is shewn in fig. 398,pr.H. At this early stage of Acipenser 
(larva of 5 mm.) I could find no glomerulus. 

The meASonephros is formed some distance behind, and some time 
after the pronephros, both in Acipenser and Lepidosteus, so that in 
the larvae of both these genera the pronephros is for a considerable 
period the only excretory organ. In Lepidosteus especially the 
development of the mesonephros occurs very late. 

The development of the mesonephros has not been worked out in 
Lepidosteus, but in Acipenser the anterior segmental tubes become 
first established as (I believe) solid cords of cells, attached at one 
extremity to the peritoneal epithelium on each side of the insertion 
of the mesentery, and extending upwards and outwards round the 
segmental duct®. The posterior segmental tubes arise later than the 
anterior, and (as far as can be determined from the sections in my 
possession) they are fiirmed independently of the peritoneal epithe- 
lium, on the dorsal side of the segmental duct. 

* AoipenRer has been inveBtigated by Fttrbriuger, Salensky, Sedgwick, and also by 
myself, and Lepidosteus by W. N. Parker and myself. 

* I have not fully proved this point, but have never found more than one opening. 

’ Whether the segmental tubes are formed as ingrowths of the peritoneal epitheUum, 

or rn could not be determined. 
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In later stages (larvse of 7 — 10 mm.) the anterior segmental 
tubes gradually lose their attachment to the peritoneal epithelium. 
The extremity near the peritoneal epitheliiun forms a Malpighian 
body, and the other end unites with the segmental duct. At a still 
later stage wide peritoneal funnels are established, for at any rate a 
considerable number of the tubes, leading from the body cavity 
to the Malpighian bodies. These funnels have been noticed by 
Fttrbringer, Salensky and myself, but their mode of development 
has not, so far as I know, been made out. The funnels appear to be 
no longer present in the adult. The development of the Mullerian 
ducts has not been worked out. 

Dipnoi. The exci*etory system of the Dipnoi is only known in the 

adult, but though in some re~ 
8[>ect8 intermediate in character 
t>etween that of the Oanoidei 
and Amphibia, it reseinblea that 
of the Ganoidei in the important 
feature of the Mullerian ducts 
8**rving as genital ducts in both 
sexes. 

Amphibia. In Amphibia 
(Gotte, FUrbringer) the de- 
velopment of the excretory 
system commences, as in Tele- 
ostei, by the formation of the 
segmental duct from a groove 
formed by a fold of the somatic 
layer of the peritoneal epithe- 
lium, near the dorsal border of 
the lx)dy cavity (fig. 399, «). 
The anterior end of the groove 
is placed immediately behind 
the branchial region. Its pos- 
terior part soon becomes con- 
verted into a canal by a con- 
striction which commences a 
short way from the front end 
of the groove, and thence ex- 
tends backwards. This canal 
at first ends blindly close to 
the cloaca, into which however 
it soon opens. 

The anterior open part of the groove in front of the constriction 
(fig. 399, u) becomes differentiated into a longitudinal duct, which 
remains in open communication with the body cavity by two (many 
Urwlela) three (many Anura) or four (Cceciliidie) canals. This con- 
stitutes the dorsjil part of the pronephros. The ventml part of the 



3 ^ 


Fig. «S98. Tiuxsvbkse section thbocgu 
THE RS010N or THE STOMACH OF A LARVA OF 
AcIFENSRB 5 MM. IN LENOIH. 

it, epithelium of stomach; yh, yolk; ch, 
notochord, below which is a subnotochordal 
rod; pr.n. pronephros; ao, aorta; mp, moscIe> 
plate formed of large cells, the outer parts of 
which are differentiated into contractile fibres; 
ip,c, spinal cord ; 6.c. body cavity. 
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gland is formed from the section of the duct immediately behind the 
longitudinal canal. This part grows in length, and, assuming an 
S-shaped curvature, becomes placed on 
the ventral side of the first formed part 
of the pronephros. By continuous growth 
in a limited space the convolutions of the 
canal of the pronephros become more nu- 
merous, and the complexity of the gland 
is further increased by the outgrowth of 
blindly ending diverticula. 

At the root of the mesentery, opposite 
the peritoneal openings of the pronephros, 
a longitudinal fold, lineti by peritoneal epi- 
thelium, and attached by a narrow band 
of tissue, makes its appearance. It soon 
becomes highly vascular, and constitutes 
a glomerulus homologous with that in 
Petromyzon and Teleostei. 

The section of the body cavity which 
contains the o|)enings of the pronephros and 
the glomerulus, becomes dilated, and then 
temjK)rarily shut off from the remainder. 

At a later peri<)d it forms a special though 3,^ T«;u,sv,=bsk skc- 

not completely isolated compartment ror tion through a very young 
a longtime the pronephros and its duct tai»ih)le of Bombinator at the 
form the only excretory organs of larval 

Arnphibm. Eventually however the form- „ of epiblast continu- 
ation of the mesonephros commences, one with the dorsal fin ; tV. 
and is followed by the atrophy of the neural cord; m. lateral muscle; 
p™„epbr»., Tl» n.»oue,,l,n» U co,„- 

posed, as in other types, ot a series of h. mesentery; w. open end of 
segmental tubes, but these, except in Cce- segmental duct, which 

ciliidaj, no longer corresiKMid in number Snt8*Jr* ti^r^r"^entr;li 
with the myotonies, but are in all instances diverticalnm wbich becomes 
more numerous. Moreover, in the nos- /• jouot'on of yolk 

terior part of the mesonephros in the 
Urodeles, and through the whole length 

of the gland in other types, secondary and tertiary segmental tubes 
are formed in addition to the primary tubes. 


The development of the mesonephros commences in Salamandra (FUr- 
briiiger) with the formation of a series of polid cords, which in the anterior 
myotomes spring from the peritoneal epithelium on the inner side of the 
segmental duct, but po^Uriorltf arine indeimnd^tly of this ejriiMium in tits 
fuijoinhuf mmMast Sedgwick informs me that in the Frog the segmental 
tubes ai*e throughout developed in the mesoblast, independently of the 
{leritoneul epithelium. These cords next bectmie detached from the peri- 
toneal epithelium (in so far as they ate primitively united to it), and after 
first assuming a vesicular form, grow out into coiled tubes, with a median 
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limb the blind end of which assists in forming a Malpighian body, and a 
lateral limb which conies in contact with and opens into the sepuental 
dnct, and an intermediate portion connecting the two. At the junction 
of the median with the intennediate portiim, and therefore at the neck of 
the Malpighian body, a canal glows out in a ventral direction, which meets 
the peritoneal epithelium, and tlien develops a funnel-shajied owning into 
the body cavity, which subsequently becomes ciliated. In this way the 
peritoneal funnels which are present in the adult are establisheil. 

The median and lateml sections of the segmental tubes become highly 
convoluted, and the separate tubes soon come into such close proximity 
that their primitive distinctness is lost. 

The first fully developed segmental tube is formed in Salamandra 
maculata in about the sixth myotome behind the pronephros. But in the 
region between the two structures nidimentai-y segmental tubes are de- 
veloped. 

The number of primary segmental tubes in the separate royotomes of 
Salamandra is as follows : 

In the 6th myotome (t.e. the first with a true 


segmental tube) .... 

. 1—2 

segmental tubes 

„ 7 th — 10th myotome 

. 2—3 


,, 11th ,, . . . » 

. 3—4 

»> » 

„ ll>ih „ . . . . 

. 3 — 4 or 4 

— 5 ,, ,, 

„ 13th „ . . . . 

. 4-5 


„ 13th — 16th „ . . . . 

. 5—6 

» » 


It thus ap[>ears that the segmental tubes ai*e not only more numerous 
than the myotomes, but that the niiml>er in each myotome increases from 
before backwards. In the case of Salamandra* there are formed in the 
region of the posterior ( 1 0 — 16) myotomes secondary, teriiary, etc. segmental 
tubes out of independent solid coixls, which arise in the mesoblast doimlly 
to the tubes already established. 

The secondary segmental tul>es appear to develop out of these cords 
exactly in the same way as the primary ones, exc*q)t that they do not join 
the segmental duct directly, but unite with the primary segmental tubes 
shortly before the junction of the latter with the segmental duct. In this 
way C(»mpound segmental tubes ai^ established w'ith a common collecting 
tul^, but with numerous Malpighian bodies and ciliated peritoneal o|>en- 
ings. The difierence in the mode of origin of these couqiouDd tul>es and 
of those in Elasmobrancbii is very striking. 

.The later stages in the development of the segmental tubes liave not 
been studied in the other Amphibian types. 

Ill Ctieciliidte the earliest stages are not known, but the tubes pre- 
sent in the adult (Bpeiigel) a truly segmental arrangement, and in the 
young each of them is single, and provided with only a single peritoneal 
funnel. In the adult however many of the segmental oigatis become 
com|K>und, and may have as many as twenty i'unnels, etc. Both simple 
and com{>ouiid segmental tubes occur in all parts of the mesonephros, and 
are arranged in no definite order. 

In the Anura (Si>engel) all the segmental tubes are com[>ound, and an 
enormous number of peritoneiil funnels are present on the ventral surface, 
but it has not yet Wm definitely determined into what part of the seg- 
mental tulies they oiien. 
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Before dealing with the further changes of the Wolffian body it is 
necessary to return to the segmental duct, which, at the time when 
the pronef)hro8 is undergoing atrophy, becomes split into a dorsal 
Wolffian and vential Mullerian duct. The process in Salamandra 
(Flirbringer) has much the same character as in Elasmobranchii, the 
MiUlerian duct being formed by the gradual separation, from before 
backwards, of a solid row of cells from the ventral side of the seg- 
mental duct, the remainder of the duct constituting the Wolffian 
duct. During the f«>rmation of the Mullerian duct its anterior 
part becomes hollow, and attaching itself in front to the peritoneal 
epitiielium acquires an opening into the body cavity. The process of 
hollowing is continued backwards pari passa with the splitting of the 
segmental duct. In the female the process is continued till the 
Mullerian duct opens, close to the Wolffian duct, into the cloaca. In the 
male the duct usually ends blindly. It is important to notice that 
the abdominal opening of the Mullerian duct in the Amphibia 
(Salamandra) is a formation independent of the pronephros, and 
placed slightly behind it ; and that the undivided anterior part of the 
segmental duct (with the pronephros) is not, as in Elasmobranchii, 
united with the Mullerian duct, but remains connected with the 
Wolffian duct. 

The development of the MiUlerian duct has not been satisfactorily 
studied in other forms besides SHlamandra. In Cceciliidse its al>domiual 
0))eiiiiig is on a level witli the anterior end of the WoltHan body. In other 
forms it is usually placed very far torwards, close to the root of the lungs 
(except in Proteus and llatrachoseps, where it is placed somewhat further 
hack), and some distance in front ot the Wolffian body. 

The Mullerian duct is always well developed in the female, and serves 
as oviduct. In the male it dot»s not (except po.ssihly in Alytes) assist 
in the transjK»rtjiti<»u of the genital pnslucts, and is always more or less 
rudiuientary, and in Anura, may be completely absent. 

After the formation of the Mullerian duct, the Wolffian duct 
remains as the excretory channel for the Wolffian body, and, till the 
atrophy of the pronejdiros, for this gland also. Its anterior section, 
in front of the Wolffian body, undergoes a more or less complete 
atrophy. 

The further changes of the excretory system concern (1) the junction 
in the male of the anterior part of the Wolffian body with the testis; 
(2) certjUn changes in the collecting tubes of the posterior part of 
the mesonephros. The first of these processes results in the division 
of the Wolffian body into a sexual and a non-sexual part, and in 
Salamandra and other Urodeles the division corresponds with tbe dis- 
tribution of the simple and compound segmentul tubes. 

Since the development of the canals connecting the testes with 
the sexual part of the Wolffian body has not been in all points 
satisfactorily elucidated, it will be convenient to commence wdth a 
description of the adult arrangement of the parts (fig. 400 B). In 
most instances a non segmental system of canals — the vasa efferentia 
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^ com! tig from the testis, fall into a canal known as the lungituditial 

canal of the WolflSan body, from which there pass off transverse ^nms, 
which fall into, and are equal in number to, the primary Malpighi^ 
bodies of the sexual part of the gland. The spermatozoa, brought 
to the Malpighian bodies, are thence transported along the segmental 
tubes to tne Wolffian duct, and so to the exterior. ^ The system of 
canals connecting the testis with the Malpighian bodies is known as 
the testicular network. The number of segmental tubes connected 
with the testis varies very greatly. In Siredon there are as many as 
from 30 — 32 (Speugel). 

The longitudinal canal of the Wolffian body i« in mre instances (Spe- 
lerpes, etc.) absent, whei*e the sexual |>art of the Wolffian body is slightly 
developed. In the Urodela the testes are united with the antt^nor part of 
the Wolffian body. Jn the Cceciliidfp the junction takes place in an homo- 
logous |>art of the Wolffian body, but, owing to the development of the an- 
terior segmental tubes, which are rudimentary in the Urodela, it is sitnate<l 
some way behind the front end. Amongst the Anum the connection of 
the testis with the tubules of the Wolffian bixly is subject to considerable 
vanations. In Bufo cinereus the normal Urmlele tyf>e is pre8ei*ved, and 
iu B<inibinator the same arrangement is found in a rudimentary condition, 
in that there are transverse trunks from the longitudinal canal of the 
Wolffian b<»dy, which end blindly, while the semen is earned into the 
Wolffian duct by canals in front of the W^olffian laxly. In Alytes and 
Discoglossus the semen is carried away by a similar dii^ct continuation of 
the longitudinal canal in front of the W^olffian laxly, but there are no 
rudimentary transverse canals passing into the Wolffian body, as in B«»mbi- 
nator. In Rana the transverse ducts which |>a8S otf from the longitudinal 
canal of the Wolffian Ixaly, after dilating to form (I) rudimentary Mal- 
pighian bodies, enter directly into the collecting tuWs near their opening 
into the Wolffian duct. 

In most Urodeles the peritoneal optuiings connecteil with the primary 
geiiemtive Malpighian bcalies atrophy, but in S|ajler[a;s they iiersist. In 
the Coecilitdae tliey also remain in the adult state. 

With reference to the development of these parts little is known 
except that the testicular network grows out from the primary Mal- 
pighian bodies, and becomes united with tlie testis. Embrjological 
evidence, as well as the fact of the persistence of the })eritoneal funnels 
of the generative region in the adults of some forms, proves that the 
testicular network is not developed from the peritoneal funnels. 

Kiidimeuts of the testicular network ai’c fiuind in the female Coeciliidiw 
and in the females of many Urtalela (Balamandra, Triton). These rudi- 
meiits may in their fullest development consist of a longitudinal canal and 
of transverse canals passing iroiii this to the Malpighian laalies, together 
with KOine branches passing into the luesovarium. 

Amongst the Urodela the collecting tubes of the hinder non^sexual 
fiart of the Wolffian body, which probably represents a rudimentary nieta- 
nephros, undergo in the male sex a change similar to that which they 
usually undergo in EUsmobranchii. Their [M>int« of junction with the 
Wolffian duct are carried Ixick to the hindennoat end of the duet (fig. 
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400 B), and the collecting tubes themselves unite together into cme or 
more short ducts (ureters) before joining the Wolffian duet. 

In Batrachoseps only the first collecting tube becomes split off in 
this way; and it forms a single elongated ureter which receives all the 
collecting tubes of the posterior segmental tubes. In the female and in 
the male of Proteus, Menobranchus, and Siren the collecting tubes retain 
their primitive transverse course and open laterally into the Wolffian duct. 
In rare cases (Ellipsoglossus, Spen/yd) the ureters open directly into the 
cloaca. 


The urinary bladder of the Amphibia is an outgrowth of the 
ventral wall of the cloacal section of the alimentary tract, and is 
homologous with the allantois of the 


amniotic Vertebrata. 

The subjoined diagram (fig. 400) of 
the urogenital system of Triton illus- 
trates the more important points of the 
preceding description. 

In the female (A) the following parts 
are present : 

(1) The Mullerian duct or oviduct 
ipd) derived from the splitting of the 
segmental duct. 

(2) The Wolffian duct {nug) con- 
stituting the portion of the segmental 
duct left after the formation of the 
Mullerian duct. 

(3) The mesonephros (r), divided into 
an anterior sexual part connected with 
a rudimentary testicular network, and a 
posterior part. The collecting tul>es 
from both parts fall transversely into 
the Wolffian duct. 

(4) The ovary (ov). 

(5) The rudimentary testicular net- 
work. 

In the male (B) the following parts 
are present : 

(1) The functionless though fairly 
developed Mullerian duct (m). 

(2) The Wolffian duct (sag). 



Fig. 400 . Diagram of the 
rniNOUENlTAL SYSTEM OF TrITON. 
(From Gegeobanr; after Spengel.) 


(3) The mesonephros (r; divided A. Female. B. Male. 


into a true sexual part, through the 
segmental tubes of which the semen 
passes, and a non-sexual part. The 
collecting tubes of the latter do not 
enter the Wolffian duct directly, but 
bend obliquely backwards and only fall 


r. m6sone))hros, on the surface 
of which numerous peritoneal fun- 
nels are visible ; 8ug, mesonephric 
or Wolffian duct; od. oviduct 
(Mullerian duct) ; m, Mullerian 

duct of male; ve* 

of testis ; t. testis ; 
urinogenital pore. 
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into it dose to its cloacal aperture, after uniting to form one or two 
p.iniary tubes (ureters) 

(4) 'rhe testicular network (ve) consisting of (1) transverse ducts 
from the testes, falling into (2) the longitudinal canal of the Wolffian 
body, from which (3) transverse canads are again given off to the 
Malpighian bodies. 

Amniota. The amniotic Vertebrata agree, so far as is known, 
very closely amongst themselves in the formation of the urinogenital 
system. 

The most characteristic feature of the system is the full de- 
velopment of a metanephros, which constitutes the functional kidney 
on the atrophy of the mesonephros or Wolffian body, which is a 
purely embryonic organ. The first pa^t of the system to develop is 
a duct, which is usually spoken of tis the Wolffian duct, but which is 
really the liomologue of the segmental duct. It apparently develops 
in all the Amniota nearly on the Elasmobranch type, as a solid rod, 
primarily derived from the somatic mesoblast of the intermediate 
cell mass (fig. 401 W.df^, 

The first trace of it is vi.sible in an embryo Chick with eight 
somites, as a ridge projecting fnnn the intermediate cell nuiss to- 
wards the epiblast in the region of the seventh somite. In the 
course of further development it continues to constitute such a ridge 
as far as the eleventh somite (Si?dgwdck), but from this point it grows 
backwards in the space between the epiblast and mesoblast. In an 
embryo with fourteen somites a small lumen has appeared in its 
middle part and in front it is connected with ruditneuUiry Wolffian 
tubules, which develop in ccmtinuity with it (Sedgwick;. In the 
succeeding stages the lumen of the duct gradually extends backwards 
and forwards, and the duct it^elf also passes iuwanls relatively to the 
epiblast (fig. 402;. Its bind end elongates till it comes into con- 
nection with, and opens inti>, the cloacal section of the hind-gut*. 

It might have been anticipated that, as in the lower types, the 
anterior end of the segrnentnl duct would either open into the bcnly 
cavity, or come into connection with a pronephros. Neither of these 
ocimrreiices take place, though in some lypc^s (the Fowl) a structure, 
which is probably the rudiment of a pronephros, is developed ; it 
does not however appear till a later stage, and is then unconnected 
with the segmental duct The next part of the system to appear is 
the mesonephros or Wolffian body. 

This is formed in all Amniota as a series of segmental tubes, 
which in Lacertiliai Braun) correspond with the myotomcs, but in Birds 
and Mammalia are more numerous. 

^ Daiififcy and Kosteniisch (No. 543) describe the Wolffian dact in the Chick as 
developing from a groove opening to the peritoneal cavity, which sobseqnently becomes 
constrictei into a duct. 1 Itave never met with specimens such as those figured by 
these authors. 

* The foremost extremity of the segmental duct presents, according to Gasser, 
curious irregularities and an anterior oumpletcdy isolated portion is often present. 
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In Reptilia (Braun, No. 542 ), the mesonephric tul>e 8 develop as seg- 
mentally-arranged masses on the inner side of the Wolihan duct, and 


M,e. 



FlO. 401. TbaNSVKHSE section THUOrOII the dobsal begion of an 
EMBBY o Chick of 45 hours. 

M.c, me<lullary canal; P.v. mesoblastic somite; Tf'.ff. Wolffian duct which ia in 
contact with the intermediate cell mass ; So. somatopleure ; S.p. splanchnopleure ; 
p.p. pleuroperitoneal cavity; ch. notochord; op. boundary of area opaca; r. blood- 
yessel. 


appear to be at first united with the peritoneal epithelium. Each mass soon 
becomes an oval vesicle, probably opening for a very short period intf) the 
peritoneal cavity by a peiitoueal funnel. The vesicles become very early 
detached from the |)eritoiieal epithelium, and lateml outgrowths from them 
give rise to the main parts of the segmental tubes, which soon unite with 
the segmental duct. 

In BiiTls the development of the segmental tubes is inoi*e complicated 

The tubules of the Wolffian liody are derived from the intermediate 
cell mass, shewn in fig, 401, between the upper end of the body cavity 
and the muscle-plate. In the Chick the mo<le of development of this 
mass into the segmental tubules is difieient in tlie regions in front of and 
Vichind about the sixteenth segment In front of about the sixteenth seg- 
ment the intermediate cell mass becomes detached from the peritoneal 
epithelium at certain |K>inta, remaining attached to it at other points, 
there being several such to eimh segment. The parts of tlie intermediate 
cell mass attached to the peritoneal epithelium l>ecome converted into 
S-shaped cords (fig. 402, at) which soon unite with the segmental duct (tod). 
Into the commencement of each of these co!*ds the lumen of the body 
cavity is for a short distance prolonged, so that this part constitutes a 

* Oorreet figures of the early stages of these structuros were first given by 
Kdlliker, but the oorreot interpretation of them, and the first satisf^tory account of 
the development of the excretory organs of Birds was given by Sedgwick (No. 549). 
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rudimentary peritoneal funnel In the Duck the attachment of the inter- 
mediate cell mass to the peritoneal epithelium is prolonged fui*ther back 
than in the Chick. 

In the foremost segmental tubes, which never reach a very complete 
development, the peritoneal funnels whlen consideraiily, while at the same 
time they acquire a distinct lumen. The section of the tube adjoining 
the wide perittmeal funnel becomes |>artially iuvagiiiated by the formation 
of a glomerulus, and this glomerulus soon grows tt> such an extent as to 
project through the peritoneal funnel, the neck of which it completely 
fills, into the body cavity (fig. 403, gl). Tliere is thus formed a series at 
free peritoneal glomeruli belonging to the anterior Wolffian tulndi *. These 
tubuli become however early aborted. 

In the case of the remaining tubules develo[>ed from the S*shaped cords 
the attachment to the peritoneal epithelium is very soon lost. The conls 
acquire a lumen, and ojieii into the segmental duct. Their blind extremi- 
ties constitute the rudiments of Malpighian bodiea 

In the [K)sterior part of tlie Wolffian body of the Chick the inter- 
mediate cell mass bewmes very early detachetl from the })eritoneal epi- 
thelium, and at a considerably later period breaks u[) into oval vesicles 


»PC 



* These external glomerali were originally uiistakeu by me (No. 530) for the 
glomcrnloe of the pronephros, from their resemblance to the glomenifos of the 
Amphibian pronephros. Their true meaning was made out liy Sedgwick (No. 55a). 
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Himilar to those of the Reptilia, nvhich form the rudiments of the segmental 
tui>ea 

Secondary and tertiary segmental tubules are formed in the Chick, on 
the dorsal side of the primary tubules, 
as direct differentiations of the meso- ^ 

blast. They open independently into '"o\ 

the Wolffian duct. 

Jn Maniiiialia the segmental tubules 
(Egli) are formed as solid masses in the ^ 4 y 

same situation as in Birds and Reptiles. jf^ 

It is not known whether they are united 

with the peritoneal epithelium. They I 

soon become oval vesicles, which de- ^ 

velop into complete tubules in the ^ i 

manner already indicated. m 

After the establishment of the ^ 

Wolffian body there is formed in „ 

1 • n i-i- K • ^ Fi»- 403. Section thbouoh the 

both sexes in all the Animota a kxtkrnai. olomebulus of one of the 

duct, which in the female becomes anterior segmental tubes op an em- 

the oviduct, but which is function- Chick of about 100 h. 

less and disappears more or less com- P®”*®**®*^ ®P*‘ 

,, . thehum; Hd. Wolffian duct; ao, 

pletely 111 tiie male, ihis duct, in aorta; wn?. mesentery. The segmenlal 

spite of certain peculiarities in its tulje, and the connection between the 

development, is witliout doubt ho- external and internal part* of tte glo- 

mologous with the Mullerian duet 

of the Ichthyopsida. In connection with its anterior extremity cer- 
tain 8tructure.s have l>een fouiul in the Fowl, which are probably, 
on grounds t<i be hereafter stated, homologous with the pronephros 
(Balfour and Sedgwick). 

The pronephrcis, as I shall call it, consists of a slightly con- 
voluted longitudinal cauul with three or more peritoneal openings 
In the earliest condition, it consists of three successive open in- 


Fig. 403. Section through the 

KXTKKNAL GLOMERULUS OF ONE OF THE 
ANTERIOR SEGMENTAL TUBES OP AN EM- 
BRYO Chick op about 100 h. 

ffK glomerulus ; ffe. peritoneal epi- 
thelium; HVt. Wolffian duct; ao. 
aorta; me. mesenteiy. The segmenlal 
tulje, and the connection between the 
external and internal parts of the glo- 
merulus are not she^vn in this figure. 



Fig. 404. Sections shewing two op the peritoneal invaginations which give 

BISK TO THE ANTERIOR PART OF THE MULLERIAN DUCT (PRONEPHROS). (After BalfOUl' 

and Se^ick.) 

A is the llih section of the seiies. 

B „ loth 

C ,, IBth ,, »y 

//f 2 . second groove ; (frH. third groove; r 2 , secoud ridge; ird. Wolffian duct. 
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volutions of the peritoneal epithelium, connected together by more 
or less well-defined ridge-like thickenings of the epithelium. It 
takes its origin from the layer of thickened peritoneal epithelium 
situated near the dorsal angle of the body cavity, and is situated 
some considerable distance behind the front end of the Wolffian 
duct. 

In a slightly later stage the ridges connecting the grooves be- 
come partially constricted off from the peritoneal epithelium, and 
develop a lumen. The condition of the structure at this stage 
is illustrated by fig. 404*, representing three transverse sections 
through two grooves, and through the ridge connecting them. 

The pronephros may in fact now be described as a slightly con- 
voluted duct, opening into the body cavity by three groove like 
apertures, and continuous behind with the rudiment of the true 
Mullerian duct. 

The stage just described is that of the fullest development 
of the pronephros. In it, as in all the previous stages, there appear 
to be only three main openings into the body cavity; but in some 
sections there are indications of the possible presence of one or two 
additional rudimentary grooves. 

In an embryo not very much older than the one last described 
the pronephros atrophies as such, its two posterior openings vanishing, 
and its anterior opening remaining as the j)ermanent opening of the 
Mullerian duct. 

The pronephros is an extremely transiU)ry structure, and its 
development and atrophy are completed between the 90th and 120th 
hours of incubation. 

The position of the pronephro.s in relation to the Wolffian body 
is shewn in fig. 405, which probably passes through a region between 
two of the peritoneal openings. As long as the pronephros persists, 
the Mullerian duct consists merely of a very small rudiment, con- 
tinuous with the hindermost of the three peritoneal openings, and 
its solid extremity appears to unite with the walls of the Wolffian 
duct. 

After the atrophy of the pronephros, the Mullerian duct com- 
mences to grow rapidly, and for the first part of its course it 
appears to & split off as a solid rod from the outer or ventral wall 
of the Wolffian duct (fig. 406). Into this rod the lumen, present in 
its front part, sub^tiently extends. Its mode of development in 
front is thus precisely similar to that of the MilUerian duct in 
Elasmobranchh and Amphibia. 

This mode of development only occurs however in the anterior 
part of the duct In the posterior part of its course its growing point 
lies in a bay formed by the outer walls of the Wolffian duct, but 
does not become definitely attached to that duct. It seems however 
possible that, although not actually split off from the walls of 
the Wolffian duct, it may grow backwards from cells derived from 
that duct. 
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The MtlUerian duct finally reaches the cloaca though it does uut 



Pio, 405. Skction ok thk Wolffian boi>y developing peonkphrob and 
GENITAL GLAND OF THE FOURTH DAY. (After Waldcyer.) Magnified 160 timea. 
m. mesentery; L. Romatopleure; a', portion of the germinal epithelium from which 
the involution (z) to form the pronephros (anterior part of Miilleriaii duct) takes place; 
a. thickened portion of the germinal epithelium in which the primitive germinal cells 
C and o are l^ing; A', modified mesoblast which will form the stroma of the ovary; 
WK, Wolffian body; y. Wolffian duct. 

in the female for a long time open into it, and in the male never 
does so. 



Fig. 406. Two bbotions bhbwino thb junction of thb terminal solid portion 
OF THB Mullbbun DUCT WITH THK WoLFFUN DUCT. (After Bslfour aud Sedgwick.) 

In A the terminal portion of the duct is quite distinct; in B it has united with the 
walls of the Wolffian duct. 

md. Miilleriau duct; If'd. Wolffian duct. 


11. E. n. 
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The mode of growth of the Mftllerian duct in the posterior part of its 
course will best be understood from the following description quoted from 
the ]>aper by Sedgwick and myself. 

“ A few sections before its termination the Mullerian duct appears as a 
well-defined oval duct lying in contact with the wall of the Wol^n duct 
on the one hand and the germinal epithelium on the other. Gradually, 
however, as we pass backwards, the Mullerian duct dilates ; the external 
wall of the Wolffian duct adjoining it becomes greatly thickened and 
pushed in in its middle part, so as almost to touch the opposite wall of the 
duct, and so form a bay in which the Mullerian duct lies. As soon as the 
Mullerian duct has ctime t<> lie in this bay its walls lose their previous 
distinctness of outline, and the cells composing them assume a curious 
VHCUolated appearance. No well-defined line of sejiaration can any longer 
be traced between the walls of the Wolffian duct and those of the Mullerian, 
b..t between the two is a narrow dear space traversed by an irregular net- 
work of fibres, in some of the meshes of which nuclei are present. 

The Mullerian dnct may be traced in this condition for a considerable 
number of sections, the jteculiar features above described l>ecoming more 
and more marked as its tenninatton is approached. It continues to dilate 
and attains a maximum size in the section or so l)efore it disappears. A 
lumen may be observed in it up to its very end, but is usually irregular in 
outline and frequently traversed by strands of protoplasm. The Mullerian 
duct finally terminates quite suddenly, and in the section immediately 
behind its termination the Wolffian duct assumes its normal appearance, 
and the part of its outer wall on the level of the Mullerian duct comes into 
contact with the germinal epithelium.” 

Before describing the development of the Mullerian duct in other 
Amniotic types it will be well to say a few words as to the identifications 
alK)ve adopt^ The identification of the duct, usually called tlie Wolffian 
duct, with the segmental duct (exclusive of the pronephros) appears to be 
morphologically justified for the following reasons: (!) tliat it gives rise 
to part of the Mullerian duct as well as to the duct of the Wolffian body ; 
behaving in this respect precisely as does the segmental dnct of Elasmo- 
branchii and Amphibia. (2) That it serves as the duct for the Wolffian 
body, before the Mullerian duct originates from it. (3) That it develops 
in a manner strikingly similar to that of the segmental duct of various lower 
forma 

With reference to the pronephros it is obvious that the organ identi- 
fied as such is in many respects similar to the pronephros of the Am- 
phibia. Both 4Sonsi8t of a somewhat convoluted loiigitudiiiHl canal, with a 
certain number of peritoneal openings ; 

The main difficulties in the homology are : 

(1) the fact that the pronephros in the Bird is not united with the 
segmental duct; 

(2) the fact that it ismtuated liehind the front end of the Wolffian body. 

It la to be rememl»ered in connection with the first of these difficulties 

that in the formation of the Mullerian duct in Elasmobranebii the anterior 
undivided extremity of the primitive segmental duct, with the }ieritoneal 
opening, which probably represents the pronephros, is attached to the 
Mullerian duct^ and not to the Wolffian duct; though in Amphibia the i*e- 
verse is tbe case. To explain the discontinuity of the pronepw>s with the 
segmental duct it is only necessary to suppose that the segmental duct and 
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pronephros, which in the Iciithyopsida develop as a single formation, 
develop in the Bird as two independent structures — afar from extravagant 
supposition^ considering that the pronephros in the Bird is undoub^ly 
quite functionless. 

With reference to the posterior position of the pronephros it is only 
necessary to remark that a change in position might easily take place after 
the acquirement of an independent development, and that the shifting is pro> 
bably correlated with a shifting of the aMominal opening of the Mullerian 
duct. 

The pronephros has only been observed in Birds, and is very possibly 
not developed in other Amniota. The Mullerian duct is also usually 
stated to develop as a groove of the peritoneal epithelium, shewn in the 
Lizard in fig. ^54, md., which is continued backward as a primitively 
solid rod in the space between the Wolffian duct and peritoneal 
epithelium, without becoming attached to the Wolffian duct. 

On" the formation of the Mullerian duct, the duct of the meso- 
nephros becomes the true mesonephric or Wolffian duct. 

After these changes have taken place a new organ of great 
importance makes its appearance. This organ is the permanent 
kidney, or metanephros. 

Metanephros. The mode of development of the metanephros 
has as yet only been satisfactorily elucidated in the Chick (Sedgwick, 
No. 549). The ureter and the collecting tubes of the kidney are 
developed from a dorsal outgrowth of the hinder part of the Wolffian 
duct. The outgrowth from the Wolffian duct grows forwards, and 
extends along the outer side of a mass of mesoblastic tissue which 
lies mainly tehiud, but somewhat overlaps the dorsal aspect of the 
Wolffian body. 

This mass of mesoblastic cells may be called the metanephric 
blastema. Sedgwick, of the accuracy of whose account I have 
satisfied myself, has shewn that in the Chick it is derived from 
the intermediate cell mass of the region of about the thirty-first 
to the thirty-fourth somite. It is at first continuous with, and 
indistinguishable in structure from, the portion of the intermediate 
cell mass of the region immediately in front of it, which breaks up 
into Wolffian tubules. The metanephric blastema remains however 
quite passive during the formation of the Wolffian tubules in the 
adjoining blastema; and on the formation of the ureter breaks off 
from the Wolffian body in front, and, growing forwards and dorsal- 
wards, places itself on the inner side of the ureter in the position 
just described. 

In the subsequent development of the kidney collecting tubes 
grow out fn)m the ureter, and become continuous with masses of 
cells of the metanephric blastema, which then differentiate them* 
selves into the kidney tubules. 

The process just described appears to me to prove that the kidney 
of the Amniota is a specUdly differentiated posterior* section of the 
primitive mesonephros. 


38—2 
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According to the view uf Kemak and Kolliker the outgi*owth» from tlie 
ureter give ri»e to the whole of the tubuli uriniferi and the capsules of 
the Malpighian bodies, the mesoblast around tlu»m forming blood-vessels, 
etc. On the other hand some observers (Kupffei*, Bt)mhaxipt, Bi*aun) main- 
tain, in accordance with the account given al)ove, that the outgrowths of 
the ureter form only the collecting tubes, aud that the secreting tubuli, etc. 
ai*e formed in situ in the adjacent mesoblast. 

Braun (No. 542) has arrived at the conclusion that in the Lacertilia the 
tissue, out of wJiich the tubuli of the metanephros are fonued, is derived 
from irregular solid ingrowths of the peritoneal epithelium, in a region behind 
the Woliiian body, but in a position corresponding to that in which the 
segmental tubes take their ongin. These ingrowths, after separating 
from the jieritoneal epithelium, unite together to form a cord into which 
the iu:eter sends the lateral outgrowths already described. These out- 
growths unite with secreting tubuli and Mal})ighian bodies, formed In situ. 
In Lacei*tilia the blastema of the kidney extends into a postanal region. 
Braun*s account of the oiigiu of the metanephric blastema does not appear 
to me to be satisfactorily demonstrated. 

The ureter does not long remain attached to the Wolffian duct, 
but its opening is gradually carried back, till (in the Chick between 
the 6th and 8th day) it opens iiidepeiideutly into the cloaca. 

Of the further changes in the excretory .sy.stem the most im- 
portant is the atrophy of the greater part of the Wolffian body, and 
the conversion of the Wolffian duct in the ma!e sex into the vas 
deferens, as in Amphibia anil the Eliismobranchii. 

The mode of connection of the testis vvitli the Wolffian duct is 
very remarkable, but may be derived from the primitive arrange- 
ment characteristic of Elasmobranchii and Amphibia. 

In the structures connecting the testis with the Wolffian body 
two parts have to be distinguished, (1) that equivalent to the 
testicular network of the lower types, (2) that derived from the 
segmental tubes. Tlje former is probably to be found in peculiar 
outgrowths from the Maljiighian bodies at the ba.se of the testes. 

These were first disciivered by Braun in lic>ptilia, and consist in 
this group of a series of outgrowths from the primary (?j Malpighian 
bodies along the base of the testis : they unite to form an internqited 
cord in the substance of the te-stis, from which the testicular tubuli 
(with the exception of the semiuiferou.s cell.s) are subsequently differ- 
entiated. These outOTowtlis, with the excejition of the first two or 
three, become detached from the Malpighian bodies. Outgrowths 
similar to tho^^e in the male arc fouml in tlie female, but subsequently 
atrophy. 

Outgrowths homologous witli those found by Braun have been 
detected by myself (No. 555) in Mammals. It is not certain to what 
parts of the testicular tubuli they give rise, but they probably form 
at any rate tlie vasa recta and rete vasculosum. 

In Mammals they also occur in the female, and give rise to cords 
of tissue in the ovary, which may persist through life. 

The comjiarisoti of the tubuli, formed out of these structures, with 
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the Elasmobranch and Amphibian testicular network is justified in 
that both originate as outgrowths from the primary Malpighian 
bodies, and thence extend into the testis, and come into connection 
with the true seminiferous stroma. 

As in the lower types the semen is transported from the testicular 
network to the Wolfiian duct by parts of the glandular tubes of the 
Wolffian body. In the case of Reptilia the anterior two or three seg- 
mental tubes in the region of the testis probably have this function. 
In the cfise of Mammalia the vasa efferentia, i.e. the coni vasculosi, 
appear, according t<j the usually accepted view, to be of this nature, 
though Banks and other investigators believe that they are inde- 
pendently developed structures. Further invcFtigations on this point 
are required. In Birds a connection between the Wolffian body 
and the testis appears to be established as in the other types. The 
Wolffian duct itself becomes, in the males of all Amniota, the vas 
deferens and the ccuivoluted canal of the epididymis — the latter 
structure (except the head) being entirely derived from the Wolffian 
duct. 

In the female the Wolffian duct atrophies more or le.ss com- 
pletely. 

In Snakes (Braun) the posterior part remains as a functionless canal, 
commencing at the ovary, and opening into the cloaca. In the Gecko 
(Bmun) it remains as a small canal joining the ureter; in Blindworms a 
considemble part of the auial is left, and in Lacerta (Braun) only inter- 
rupted portious. 

In Mammalia the middle part of the duct, known as Gaertner’s canal, 
jiewists in the females of some monkeys, of the pig and of many rumi- 
nants. 

The Wolffian body atrophies nearly completely in both sexes ; 
though, as described above, part of it opposite the testis persists as 
the head of the epididymis. I he posterior part of the gland from 
the level of the testis may be called the sexual part of the gland, 
the anterior part forming the non-sex ual part. The latter, i.e. the 
anterior part, is first absorbed; and in some Reptilia the posterior 
part, extending from the region of the genital glands to the per- 
manent kidney, persists till into the second year. 

Various remnants of the Wolffian hotly are found in the adults of both 
sexes in different types. The most constiint of them is [)erhap.s the part 
ill the female equivalent to the head of the epididymis and to parts 
also of the coiled tube of the epididyihis; which may he called, with Wal- 
deyer, the epoophoron’. This is found in Reptiles, Birds and Mammals ; 
though in a very rudimentary form in the first-named group. Remnants 
of the anterior non-sexual part of the Wolffian bodies have been called by 
Waldeyer parepididymis in the male, and paroophoron in the female. Such 
I'emnants are n<'t (Braun) found in Reptilia, but are stated to be found 
in both male and female Birds, as a small organ consisting of blindly 
ending tubes with yellow pigment. In some male Mammals (including 


^ ThiB is also called parovarium (His), aud Boscnmuller’s organ. 
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Man) a parepididymis is found on the upper side of the testis. It is 
usually known as the organ of Oiraldes. 

The Mullerian duct forms, as has been stated, the oviduct in the 
female. The two ducts originally open independently into the cloaca, 
but in the Mammalia a subsequent modification of this arrangement 
occurs, which is dealt with in a separate section. In Birds the right 
oviduct atrophies, a vestige being sometimes left. In the male the 
Mullerian ducts atrophy more or less completely. 

In most Reptiles and in Birds the atrophy of the Mullerian ducts is com- 
plete in the male, but in Lacerta and Anguis a rudiment of the anterior 
part has been detected by Leydig as a convoluted canal. In the Rabbit 
(KUlUker)* and probably other Mammals the whole of the ducts probably 
disappears, but in some Mammals, Man, the lower fused ends of the 
Mullerian ducts give rise to a ].>ocket opening into the uiethra, known as 
the uterus inasculinus; and in other cases, e,g, the Beaver and the Ass, the 
rudiments are more considerable, and may be continued into horns homolo- 
gous with the boms of the uterus (Weber). 

The hydatid of Morgani in the male is suj)po8ed (Waldeyer) to repre>- 
sent the abdominal opening of the Fallopian tul^ in the female, and there- 
fore to be a remnant of tiie Mullerian duct 

Changes in the lower parts of the urinogenital ducts in the Amniota. 

The genital cord. In the Monodclphia the lower part of the 
Wolffian ducts becomes enveloped in both sexes in a special cord of 
tissue, known as the genital cord (fig. 407, gc), within the lower part 
of which the Mullerian ducts are also enclosed. In the male the 
Mullerian ducts in this cord atrophy, except at their distal end where 
they unite to form the uterus masculinus. The Wolffian ducts, after 
becoming the vasa deferentia, remain for some time enclosed in the 
common cord, but afterwards separate from each other. The seminal 
vesicles are outgrowths of the vasa deferentia. 

In the female the Wolffian ducts within the genital cord atrophy, 
though rudiments of them are for a long time visible or even per- 
manently persistent. The lower parts of the Mullerian ducts unite to 
form the vagina and body of the uterus. The junction commences 
in .the middle and extends forwards and backwards ; the stage with a 
median junction being retained permanently in Marsupials. 

The i^ogenital dnns and external generative owana. In all 
the Amniota, there open at first into the common cloaca the ali<* 
mentary canal dorsally, the allantois ventrally, and the Wolffian and 
Mullerian ducts and ureters laterally. In Reptilia and Aves the 
embryonic condition is retained. In both groups the allantois serves 
as an embryonic urinary bladder, but while it atrophies in Aves, its 
stalk dilates to form a permanent urinary bladder in Reptilia* In 

^ Weber (No. 553) states that a uterus masculinus is present in the Babbit, hut 
ms Mcouiit is by no means satisfactory, and its presence is distinctly denM by 
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Mammalia the dorsal part of the cloaca with the alimentary tract be- 
comes first of all partially constricted off from the ventral, which then 
forms a urinogenital sinus (fig. 

407, ug). In the course of de- ^ . 

velopment the urinogenital sinus 

l>ecomes, in all Mammalia but 

the Ornithodelphia, completely ft 

separated from the intestinal \\ 

cloaca, and the two parts obtain 

separate external openings. The ^ ^ 

ureters (fig. 407, 3) open higher A\es^ U 

up than the other darts into the \ // 

stalk of the allantois which di- \ // 

lates to form the bladder (4). The \ ^ 

stalk connecting the bladder with ^ ■ ffTT^ 

the ventral wall of the body con- 

stitutes the urachus, and loses its \ 'I 

lumen before the close of em- \ 

bryonic life. The part of the \ ' \ j / / 

stalk of the allantois below the \ ^ /i/ 

openings of the ureters narrows 

to form the urethra, which opens cl 

together with the Wolffian and 
Mullerian ducts into the urino- 


genital cloaca. 

In front of the urinogenital 
cloaca there is formed a genital 
prominence (fig, 407, cp), with a 
groove continued from the uri- 
nogenital opening ; and on each 
side a genital fold (/s). In the 
male the sides of the groove 
on the prominence coalesce to- 
gether, embracing between them 
the opening of the urinogenital 
cloaca; and the prominence itself 
gives rise to the penis, along 
which the common urinogenital 


Fio. 407. Diagbam of the 

TAL ORGANS OF A MaMHAL AT AN EARLY STAGE. 

(After Allen Thomson; from Quain's Am,- 
iomy,) 

The parts are seen chiefly in profile, 
but the Mullerian and Wolflian ducts are 
seen from the front. 

3. ureter; 4. urinary bladder; 5. ura- 
chus; ot. genital ridge (ovary or testis); 
W. left Wolffian body; x. part at apex from 
which coni vasculosi are afterwards de- 
veloped; w. Wolffian duct. m. Mullerian 
duct ; fic. genital cord consisting of Wolffian 
and Mullerian ducts bound up in a common 
sheath; i. rectum; ug. urinogenital sinus; 
cp. elevation which Incomes the clitoris or 
penis; U, ridge from which the labia ma- 
jors or scrotum are developed. 


passage is continued. The two 

genital folds unite from behind forwards to form the scrotum. 

In the female the groove on the genital prominence graduallpr 
disappears, and the prominence remains as the clitoris, which is 
therefore the horaologue of the penis: the two genital folds form 
the labia majora. The urethra and vagina open independently into 
the common urinogenital sinus. 
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General conclusions and Summary, 

PtonaphroB* Sedgwick has pointed out that the pronephros is 
always present in types with a larval development, and either absent 
or imperfectly developed in those types which undeigo the greater 
part of their development within the egg.' Thus it is practically 
absent in the embryos of Elasmobranchii and the Amniota, but 
present in the larvae of all other forms. 

This coincidence, on the principles already laid down in a previous 
chapter on larval forms, affords a strong presumption that the prone- 
phros is an ancestral organ ; and, coupled with the fact that it is 
the first part of the execretory system to be developed, and often the 
sole excretory organ for a considerable period, points to the conclu- 
sion that the pronephros and its duct — the segmental duct — are the 
most primitive parts of the Vertebrate excretory system. This con- 
clusion coincides with that arrived at by Gegenbaur and Furbringer. 

The duct of the pronephros is always developed prior to the gland, 
and there are two ty|^s according to which its development may 
take place. It may either he formed by the closing in of a con- 
tinuous gi-oove of the somatic peritoneal epithelium (Amphibia, 
Teleostei, Lepidosteus), or as a solid knob or rod of cells derived from 
the somatic mesoblast^ w^hich grows backvrards between the epiblast 
and the mesoblast (Petromyzon, Elasmobranchii, and the Amniota). 

It is quite certain that the second of these processes is not a true 
record of the evolution of the duct, and though it is more possible 
that the process observable in Amphibia and the Teleostei may afford 
some indications of the manner in which the duct was established, 
this cannot be regarded as by any means certain. 

The mode of development of the pronephros itself is apparently 
partly dependent on that of its duct. In Petromyzon, where the 
duct does not at first communicate with the body cavity, the prone- 
phros is formed as a series of outgrowths from the duct, which meet 
the perit(»neal epithelium and open into the body cavity ; but in 
other instances it is derived from the anterior open end of the groove 
which gives rise to the segmental duct. The open end of this groove 
may cither remain single (Teleostei, Ganoidei) or be divided into two, 
three or more apertures (Amphibia). The main part of the gland in 
either case is formed by convolutions of the tube connected with the 
peritonea] funnel or funnels. The peritoneal funnels of the prone- 
phros appear to be segmentally arranged. 

The pronephros is distinguished from the mesonephros by develop- 
mental as well as structural features. Tlie most ^portant of the 
former is the fact that the glandular tubules of which it is fotmed are 
always outgrowths of the segmental duct ; wliile in the mesonephros 
they are always or almost always* formed independently of ^e emet. 

* ^scordii^ to Sedg^idi 00ms of the ftoterior segmental tubes of Aiw form an 
exe^ion to the general rule that there is no outgrowth from the segmental or metane* 
l»hne duct to meet the segmentol tubes. 
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chief structural peculiarity of the pronephros is the absence 
from it of Malpighian bodies with the same relations as those in the 
meso- and metanephros; unless the structures found in Myxine are 
to be regarded as such. Functionally the place of such Malpighian 
bodies is taken by the vascular peritoneal ridge spoken of in the 
previous pages as the gloinemlus. 

That thifl body is really related functionally to the pronephros appears 
to be indicated (1) by its constant occurrence with the pronephros and its 
position opposite the peritoneal openings of this body ; (2) by its atrophy 
at the same time as the pronephros ; (3) by its enclosure together with 
the pronephridian stoma in a special compartment of the body cavity in 
Teleostei and Ganoids, and its partial enclosure in such a compartment in 
Amphibia. 

The pronephros atrophies more or less completely in most types, 
though it probably persists for life in the Teleostei and Ganoids, and 
in some members of the former group it perhaps forms the sole adult 
organ of excretion. 

The cause of Ha atrophy may j>erhaps l>e related to the fact that it is 
situated in the fieiicardial region of the body cavity, the dorsal part of 
which is aborted on the formation of a closed pericardium ; and its preserva- 
tion in Teleostei and Ganoi<ls may on this view l)e due to the fact that in 
these types its peritoneal funnel and its glomerulus am early isolated in a 
siiecial cavity. 

Mesonephros. The mesonephros is in all instances composed of a 
series of tubules (segmental tubes) which are developed inde- 
pendently of the segmental duct. Each tubule is typically formed of 

(1) a peritoneal funnel opening into (2) a Malpighian body, from 
which there proceeds (3) a coiled glandular tube, finally opening 
by (4) a collecting tube into the segmental duct, which constitutes 
the pinmitive duct for the mesonephros as well as for the pronephros. 

The development of the mesonephridian tubules is subject to con- 
siderable variations. 

(1) They may be formed as differentiations of the intermediate 
cell mass, and be from the first provided with a lumen, opening into 
the body cavity, and directly derived from the section of the body- 
cavity present in the intermediate cell mass ; the peritoneal funnels 
often persisting for life (Elasmobianchii). 

(2) They may be formed as solid conls either attached to or inde- 
pendent of the peritoneal epithelium, which after first becoming inde- 
pendent of the peritoneal epithelium subsequently send downwards 
a process, which unites with it and forms a peritoneal funnel, which 
may or may not persist (Acipenser, Amphibia). 

(3) They may be formed as in the last case, but acquire no 
secondary connection with the peritoneal epithelium (Teleostei, 
Amniota). In connection with the original attachment to the 
peritoneal epithelium, a true peritoneal funnel may however be 
developed (Aves, Lacertilia). 
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Physiological considerations appear to shew that of these three 
methods of development the first is the most primitive. The deve* 
lopment of the tiiTOs as solid cords can hardly be primary. 

A question which has to be answered in reference to the segmental 
tubes k that of the homology of the secondarily developed peritonei open- 
ings of Amphibia, with the primary openings of the filasmobranohii. It 
is on the one hand difficult to understand why, if the openings are homologoiui 
in the two types, the original peritoneal attachment sho^d be obliterated 
in Amphibia, only to be shortly afterwards reacquired. On the other 
hand it is still more difficult to understand what physiological gain there 
could be, on the assumption of the non-homology of the openings, in the 
replacement of the primaiy opening by a secondary opening exactly similar 
to it. Considering the gieat variations in development which occur in 
undoubtedly homologous parts 1 incline to the view that the openings in 
the two types are homologous. 

In the majority of the lower Vertebrata the mesonephric tubes have 
at first a segmental arrangement, and this is no doubt the primitive 
condition. The coexistence of two, three, or more of them in a 
single segment in Amphibia, Aves and Mammalia has recently been 
sliewn, by an intere.sting discovery of Eisig, to have a parallel 
amongst Chaetopods, in the coexistence of several segmental organs 
in a single segment in some of the Capitellidm. 

In connection with the segmental features of the mesonephros it is 
perhaps worth recalling the fact that in Elasmobranchii as well as 
other types there are traces of segmental tubers in some of the 
postanal segments. In the case of all the segmental tubes a Mal- 
pighian body becomes established close to the extremity of the tube 
adjoining the peritoneal opening, or in an homologous position in 
tubes without such an opening. The opposite extremity of the tube 
always becomes attached to the segmental duct. 

In many of the segments of the mesonephros, especially in the 
hinder ones, secondaiy and tertiary tubes become developed in 
certain types, which join the collecting canals of the primary tubes, 
and are provided, like the primary tubes, with Malpighian bodies at 
their blind extremities 

There can it appears to me be little or no doubt that the 
secondary tubes in ttie different types are bomodynamous if not 
homologous. Under these circumstances it is surprising to find in 
what different ways they take their origin. In Elasmobranchii a bud 
sprouts out from the Malpighian body of one segment, and Joins the 
collecting tube of the nreceding s^ment, and suhsequently, becoming 
detacheu from the Malpighian bwy from which it sprouted, forms 
a fresh secondaiy Malpighian body at its blind extremity. Thus the 
secondaiy tubes of one seraent are formed as buds from the segment 
behind. ^ In Amphibia (^lamandra) and Aves the secondary tubes 
develop independently in the mesoblast. These great differences in 
development are important in reference to the homology of the meta* 
nepbros or permanent kidney, which is discussed below. 
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Before leaving the mesonephros it may be worth while putting forward 
some hypothetic^ suggestions as to its origin and relation to the pro- 
nephros, leaving however the difficult questions as to the homology of the 
segmental tubes with the segmental organs of Gliietopods for sub^uent 
discussion. 

It is a peculiarity in the development of the segmental tubes that they 
at first end blindly, though they subsequently grow till they meet the seg- 
mental duct with which they unite directly, without the latter sending 
out any offshoot to meet them \ It is difficult to believe that peritoneal 
infundibula ending blindly and unprovided with some external oiifice can 
have had an excretory function, and we are therefore rather driven to 
suppose that the peritoneal infundibula which become the segmental tubes 
were either from the first provided each with an orifice opening to the 
exterior, or were united with the segmental duct. If they were from the 
first provided with external openings we may sup|x>se that they became 
secondarily attached to the duct of the pronephros (segmental duct), and 
then lost their external openings, no trace of these structures being left, 
even in the ontogeny of the system. It would appear t^l me more probable 
that the pronephros, with its duct opening into the cloaca, was the only 
excretoiy organ of the unsegmented ancestors of the Chordata, and that, 
on the elongation of the ti*unk and its subsequent segmentation, a series 
of metameric segmental tubes became evolved o[)ening into the segmental 
duct, each tube being in a sort of way serially homologous with the primi- 
tive pronephros. With the segmentation of the trunk the latter structure 
itself may have acquired the more or less definite metameric arrangement 
of its jMirts. 

Another [lossible view is that the segmental tubes may be modified 
derivates of posterior lateral branches of the pronephros, which may at 
first have extended for the whole length of the body cavity. If there is 
any truth in this hypothesis it is necessary to suppose that, when the iin- 
segmented ancestor of the Chordata became segmented, the posterior 
branches of the primitive excretory organ became segmentally arranged, 
and that, in accordance with the change thus gradually introduce in them, 
the time of their develoi»ment became deferred, so as to accord to a certain 
extent with the time of formation of the segments to which they belonged. 
The change in their mode of development which would be thereby intro- 
duced is cei^tainly not greater than that which has taken place in the case 
of segmental tub^ which, having originally develoj)ed on the Elasmobranch 
type, have come to develop as they do in the posterior part of the mesone- 
phros of Salamandiu, Birds, etc. 

Genital dncts. So far the ori^n and development of the excre- 
tory organs have been considered without reference to the modifications 
introduced by the excretory passages coming to serve as generative 
ducts. Such an unmodified state of the excretory organs is perhaps 
found permanently in Cyclostomata* and transitorily in the embryos 
of most forms. 

^ As mentioned in the note on p. 600 Sedgwick maintains that the antericHr 
segmental tubes of the Chick form an exception to this general statement. 

• It is by no means certain that the transportation outwards of the genital products 
by the abdominal pores in the Gyolostomats may not be the result of degeneration. 
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At first the generative pnxlucts seem to have been discharged 
freely into the body cavity, and transported to the exterior by the 
abdominal pores {vide p. 515). 

The secondary relations of the excretory ducts to the generative 
oigans seem to have been introduced by an opening connected with 
the pronephridian extremity of the segmental duct having acquired 
the function of admitting the generative products into it, ami of 
carrying them outwards ; so that primitively the segmental duct must 
have served as efferent duct both for the geyierative products and the 
pronephric secretion (just as the WoUBan duct still does for the testicu- 
lar products and secretion of the Wolffian body in Elasmobranchii 
and Amphibia). 

The opening by which the generative products entered the 
segmental duct can hardly have been specially developed for this 
purpose, but must almost certainly liave been one of the peritoneal 
openings of the pronephros. As a consequence (by a process of 
natural selection) of the segmental duct having both a generative and 
a urinary function, a further differentiation took place, by which that 
duct be^rae split into two — a ventral Mullerian duct and a dorsal 
WolflSan duct. 

The Mtillerian duct was probably continuous with one or more 
of the abdominal openings of the pronephros which served as genera- 
tive pores. At first the segmental duct was probably split longi- 
tudinally into two equal portions, and this mode of splitting is 
exceptionally retained in some Elasmobranchii; but the generative 
function of the Mullerian duct gradually impressed itself more and 
more upon the embryonic development, so that, in the course of time, 
the Mullerian duct developed less and less at the expense of the 
WolflSan duct. This process appears partly to have taken place in 
Elasmobranchii, and still more in Amphibia, the Amphibia offering 
in this respect a less primitive condition than the Elasmobranchii ; 
while in Aves it has been carried even furtlier, and it seems pos- 
sible that in some Amniota the Mullerian and segmental ducts 
may actua’ly develop independently, as they do exceptionally in 
individual specimens of Salamandra (Furhringer). The abdominal 
opening no doubt also became specialised. At first it is quite j)os8ible 
that more than one pronephric abdominal funnel may have served 
for the entrance of the generative pnaiucts; this function being, 
no doubt, eventually restricted to one of them. 

Three diflferent types of development of the alKlominal opening of 
the Mullerian duct have been observed. 

In Amphibia (Salamandra) the permanent opening of the Mul- 
lerian duct is formed independently, some way behind the pronephros. 

In Elasmobranchii the original opening of the segmental duct 
forms the permanent opening of the Mullerian duct, and no true 
pronephros appears to be formed. 

In Birds the anterior of the three openings of the rudimentary 
pronephros remains as the permanent opening of the Mullerian duct 
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These three modes of development very probably represent 
specialisations of the primitive state along three different lines. In 
Amphibia the specialisation of the opening appears to have gone so 
far that it no longer has any relation to the pronephros. It was pro- 
bably originally one of the posterior openings of this gland. 

In Elasniobranchii, on the other hand, the functional opening 
is formed at a period when we should expect the pronephros to de- 
velop. This state is very pf:)88ibly the result of a differentiation by 
which the pronephros gradually ceased to become developed, but 
one of its peritoneal openings remained as the abdominal aperture of 
the Mullerian duct. Aves, finally, appear to have become differen- 
tiated along a third line ; since in their ancestors the anterior (?) pore of 
the head-kidney appears to have become specialised as the permanent 
opening of the Mullerian duct. 

The Mullerian duct is usually formed in a more or less complete 
manner in both sexes. In Ganoids, where the separation between it 
and the Wolffian duct is not completed to the cloaca, and in the Dipnoi, 
it probably serves to carry off the generative products of both sexes. 
In other cases however only the female products pass out by it, and 
the partial or complete formation of the Mullerian duct in the male 
lu these cases needs to be explained. This may be done either by 
supposing the Ganoid arrangement to have been the primitive one 
in the ancestors of the other forms, or, by supposing characters 
uc([uired primitively by the female to have become inherited by both 
sexes. 

It is a question whether the nature of the generative ducts of 
Teleostei can be exjilaincd by comparison with those of Ganoids. 
The fact that the Mullerian ducts of tlio Teleostean Ganoid Lepi- 
dosteiia attach themselves to the generative organs, and thus acquire 
a resemblance Uj the generative ducts of Teleostei, affords a power- 
ful argument in favour of the view that the generative ducts of 
both sexes in tlie Teleostei are modified Mullerian ducts. Embry- 
ology can however alone definitely settle this question. 

In the Elasniobranchii, Amphibia, and Amniota the male pro- 
ducts are carried oft' by the Wolffian duct, and they are transported 
to this duct, not by open ])eritoneal funnels of the mesonephros, biU 
by a network of ducts which sprout either from a certain number of 
the Malpighian bodies opposite the testis (Amphibia, Amniota), or 
from the stalks connecting the Malpighian b^ies with the open 
funnels (Elasmobranchii). After traversing this network the semen 
passes (except in certain Anura) through a variable number of the 
segmental tubes directly to the Wolftiau duct. The extent of the 
connection of the testis with the Wolffian body is subject to great 
variations, but it is usually more or less in the anterior region. 
Rudiments of the testicular network have in many cases become 
inherited by the female. 

The origin of the connection between the testis and Wolffian body is still 
very 01)8001*6. It would l>e easy to understand how the testicular products, 
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after ftUing into tlie bodj cavity, might be taken tip by the open extrnni- 
ties of some of the peritoneal funnels, and how such open funnels might 
have groove-like prolongations along the mesorchium, which might even- 
tually be convert^ into ducts. Ontogeny does not however ^together 
favour this view of the origin of the testicular network. It seems to me 
nevertheless the most probable view which has yet been put forward. 

The mode of transportation of the semen by means of the mesonephric 
tubules is so peculiar as to render it highly improbable that it was twice 
acquired, it bewines therefore necessary to suppose that the Amphibia and 
Amniota inherited this mode of transportation of the semen from the same 
ancestors as the Elasmobranchii. It is remarkable therefore that in the 
Cktnoidei and Dipnoi this arrangement is not found. 

Either (1) the arrangement (found in the Ganoidei and Dipnoi) of the 
Mlilleiian duct serving for both sexes is the primitive arrangement, and 
the Elasmobranch is secondary, or (2) the Ganoid arrangement is a secondary 
condition, which has originate at a stage in the evolution of the Vertebrata 
when some of the segmental tubes had begun to serve as the efferent ducts 
of the testis, and has resulted in consequence of a degeneration of tlie latter 
structures. Although the second alternative is the more easy to reconcile 
with the affinities of the Ganoid and Elasmobranch types, as indicated by 
the other features of their organization, I am still inclined to accept the 
former ; and consider that the incomplete splitting of the segmental duct in 
Ganoidei is a strong aigument in favour of this %'icw. 

Metanepliros. With the employment of the Wolffian duct to 
transport the semen there seems to be correlated (Ha tendency of 
the posterior segmental tubes to have a duct of their own, in which 
the seminal and urinary fluids cannot become mixed, and (2) a ten- 
dency on the part of the anterior segmental tubes to lose their excre- 
tory function. The posterior segmental tubes, when connected in 
this way with a more or less specialised duct, have been reganled in 
the preceding pages as constituting a metanephros. 

This differentiation is hardly marked in the Anura, but is well 
developed in the Urodela and in the Elasmobranchii ; and in the 
latter group has become inherited by both .sexes. In the Amniota it 
culminates, according to the view independently arrived at by 
Semper and myself, (1) in the formation of a completely distinct 
metanephix)s in both sexes, formed however, as shewn by Sedgwick, 
from the same blastema as the Wolffian body, and (2) in the atrophy 
in the adult of the whole Wolffian body, except the part uniting the 
testis and the Wolffian duct. 

The homology betwet-n the posterior metanephridian section of the 
Wolffian body, in Elasmobianchii and Urodela, and the kidney of the 
Amniota, is only in my opinion a general one, t. e. in both cases a common 
cause, viz. the Wolffian duct acting as vas deferens, has resulted in a more 
or less similar differentiation of parts. 

Fttrbringer has uiged against Semper's and my view that no satis- 
factoiy proof of it has yet been offered. Tliis proof has however, since 
FOrbrin^r wrote his paper, been supplied by Sedgwick’s observations. 
The development of the kidney in the Amniota is no doubt a direct as 
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opposed to a phjlogeuetic deve]<^ 2 neiit ; and the substitution of a direct 
for a phylogenetic development has most probably been rendered possible by 
the fact that the anterior part of the mesonephros continued all the while 
to be unaffected and to i^main as the main excretory organ during foetal life. 

The most serious difficulty urged by FUrbringer against the homology 
is the fact that the ureter of the metanephros develops on a type of its 
own, which is quite distinct from the mode of development of the ureters 
of the metanephros of the Ichthyopsidan forms. It is however quite possi- 
ble, though far from certain, that the ureter of Amniota may be a special 
fonnation confined to that group, and this fact would in no wise militate 
against the homology I have been attempting to establish. 

Comparison of the ExcreUyry organs of the Chordata and 
Invertebrata. 

The structural characters and development of the various forms of 
excretory organs described in the preceding pages do not appear to me to 
be sufficiently distinctive to render it possible to establish homologies be- 
tween these organs on a satisfactory basis, except in closely related groups. 

The excretory organs of the Platyelminthes are in many respects simi- 
lar to the provisional excretory organ of the trochosphere of Polygordius 
and the Ge])hyrea on the one hand, and to the Vertebrate pronephros 
on the other ; and the Platyelminth excretory organ toith an anterior 
opening might be regarded as having given origin to the trochosphere 
organ, while that with a posterior opening may have done so for the Verte- 
brate pronephros*. 

Hatschek has compared the provisional trochosphere excretoiy organ 
of Polygordius to the Vertebrate pronephros, and the p«^sterior Chsetopod 
segmental tubes to the mesonephric tubes ; the latter homology having 
l)een already suggested independently by both Semper and myself. With 
reference to the comparison of the pronephros with the provisional excretory 
organ of Polygordius there are two serious difficulties : 

(1) The pronephric (segmental) duct opens directly into the cloaca, 
while the duct of the provi^ionai trochosjihcre excretory organ opens an- 
teriorly, and directly to, the exterior. 

(2) The pronephros is situated within the segmented region of the 
trunk, and has a more or less distinct metameric arrangement of its parts ; 
while the provisional trochosphere organ is placed in front of the segmented 
region of the trunk, and is in no way segmented. 

The comparison of the m< sonephric tubules with the segmental excre- 
tory organs of the Chsetopoda, though not im^iossible, cannot be satisfac- 
torily admitted till some light has been thrown upon the loss of the 
siip}K>8ed external openings of the tubes, and the origin of their secondary 
connection with the segmental duct. 

Confining our attention to the Invertebrata it appears to me fairly clear 
that Hatschek is justified in holding the provisional trochosphere excretory 
organs of Polygordius, Echiurus and the Mollusca to be homologous. The 
atrophy of all these larval organs may perhaps l>e due to the presence of a 
well-developed trunk region in the adult (absent in the larva), in which 
excretory organs, probably serially homologous with those present in the 


> This suggestion has I believe been made by Fiirbringer. 
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anterior pert of the larva, becmne developed. The excretoiy oi||;aiis in the 
trunk were probably more c*»nveniently situated than those in the head, 
and the atrophy of the latter in the adult state was thei*efore brought 
about, while the trunk organs became sufficiently enlaiged to serve as the 
sole excretory organs. 
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CHAPTEK XXIV. 


GENERATIVE ORGANS AND GENITAL DUCTS. 


Generative organs. 

The structure and growth of the ovum and spermatozoon were 
given in the first chapter of this work, but their derivation from the 
germinal layers was not touched on, and it is this subject with which 
we are here concerned. If there are any structures whose identity 
throughout the Metazoa is not open to doubt these structures are the 
ovum and spermatozoon ; and the constancy of their relations to the 
germinal layers would seem to be a crinual tost as to whether the 
latter have the morphological importance usually attributed them. 

The very fragmentary state of our knowledge of the origin of the 
generative cells has however preventeil this ’test being so far very 
generally applied. 

Forifera. In the Porifera the researches of Schulze have clearly 
demonstrated that both the ova and the spermatozoa take their 
origin from indifferent cells of the general parenchyma, which may 
be called mesoblastic. The primitive germinal cells of the two 
sexes are not distinguishable; but a germinal cell by enlarging and 
becoming spherical gives rise to an ovum ; and by subdivision forms 
a sperm-raorula, from the constituent cells of which the spermatozoa 
are directly developed. 

CoBlenterata. The greatest confusion prevails as to the germinal 
layer from which the male and female pnxlucts are derived in the 
CoBlenterata'. 

The following apparent modes of origin of these products have 
been observed. 

(1) The generative products of both sexes originate in the ecto- 
derm (epiblast) : Hydra, (3ordylopliora, Tubularia, all (?) free Qono- 
pbores of Hydromedusa^, the Siphonopliora, and probably the Cteno* 
phora. 

^ £. van Beneden (No. 556) was the 6rst to discover a different oiigin for the 
genetative products of the two sexes in Mydractinia, and his ol)s<*rvations have led to 
numerons aul^neiit researches on the subject. For a summary of the oUervstiooi 
on the Hydroids vide Weismann (No. 
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(2) Tlie generative products of both sexes originate in the ento- 
derm (hypoblast): Plumularia and Sertularella, amongst the Hydroids, 
and the whole of the Acraspeda and Actinozoa. 

. (3) The male cells are formed in the ectoderm, and the female 
in the entoderm ; Gonothyraea, Campanularia, Hydractinia, Clava. 

In view of the somewhat surprising results to which the re- 
searches on the origin of the genital products amongst the Ccelen- 
terata have led, it would seem to be necessary either to hold that 
there is no definite homology between the germinal layers in the 
different forms of Ccelenterata, or to offer some satisfactory explana- 
tion of the behaviour of the genital products, which would not 
involve the acceptance of the first alternative. 

Though it can hardly be said that such an explanation has yet 
been offered, some observations of Kleinenberg (No. 557) undoubt- 
edly point to such an explanation being possible. 

Kleinenberg has shewn that in Eudendrium the ova migrate freely 
from the ectoderm into the endoderm. and vice versa; but he has 
given strong grounds for thinking that they origitiate in the ectoderm. 
He has further shewn that the migration in this type is by no means 
an isolated phenomenon. 

Since it is usually only jx)ssible to recognise generative elements 
after they have advanced considerably in development, the raeje 
position of a generative cell, when first observed, can afford, after w'hat 
Kleinenberg has sliewm, no absolute proof of its origin. Thus it is 
quite possible tliat there is really only one type of origin for the 
generative cells in the Coeleuterata. 

Kleinenberg has given reasons for thinking that the migration of the 
ova into the entoderm may have a nutritive object. If this be so, and there 
are numeix)U 8 facts which shew that the position of generative cells is often 
largely iufiuenced by their nutritive requirements, it seems not impossible 
that the endodermal position of the generative organs in the Actinozoa 
and acras[>edote McHluste may have arisen by a continuously earlier migm^ 
tion of the generative cells from the ectoderm into the endoderm ; and 
that the migration may now take {dace at so early a period of the develop- 
ment, that we should be justified in formally holding the generative pro- 
ducts to be endodermal in 01 igin. 

We might perhaps, on this view, formulate the origin of the generative 
products in the Ccelenterata in the following way : — 

Both ova and spermatozoa primitively originated in the ectoderm, but 
in order to secure a more complete nutrition the cells which give rise to 
them exhibit in certain groups a tendency to migrate into the endoderm. 
This migration, which may concern the generative cells of one or of both 
the sexes, takes place in some cases after the generative cells have be- 
come recognisable as such, and very probably in other cases at so early a 
period that it is impossible to distinguish the generative cells from in- 
differant embryonic cells. 

Ver}’ little is known with reference to the origin of the generative 
cells in the triploblastic Invertebrata. 


39—2 
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Ctmtc^poda and In the Cbsetopoda and Gephyrea, 

the ^i^nai cells are always developed in the adult from the epithe* 
lial Uningof the body cavity; so that their oiigin from the mesoblast 
seems fairly established. • 

If we are justified in holding the body cavity of these forms to be 
a derivative of the primitive archenteron {vide pp. 294 and 295) the 
generative cells may fairly be held to originate fiom a layer which 
coneqponds to the endoderm of the C(Blenterata\ 

ChlfltQgliatiuu In Sagitta the history of the generative cells, 
wbi^ was first worked out by Kowalevsky and Butschli, has been 
recei^y treated with great detail by O. Hertwig*. 

The generative cells appear during the gastnila stage, as two 
laige oel& with conspicuous nuclei, which are placed in the hypo- 
blast lining the archenteron, at the pole opposite the blastopore. 
These cells soon divide, and at the same time pass out of the hypo- 
blast, and enter the archenteric cavity (fig. 408 A, jre). The division 



Fio. 408. Thbxk STACIES IN TUB DEVELOPMENT OF Baoitta. (A and C after 
BUtschli, and B after Kowalevsky.) 

The three embryos are represented in the same positionfi, 

A. Bepresents the gastnila stage. 

B. Bepresents a sncceeding stage, in wbieh the primitive archenteron is com* 
mencing to be divided into three. 

C. Bepresents a later stage, in which the mouth involution (iit) has become coii'^ 
iinnoiu with the alimentary tract, and the blastopore is closed. 

SI. month; aL alinientaiy canal; ae. archenteron; bip. blastopore; pr, peri- 
visoerai cavity ; sp. splanchnic mesoblast ; »o. somatic mesoblast ; ge, generative 
or^s. 

into four celln, which is not satisfactorily represented in my diagram, 
takes place in such a way that two cells are placed nearer the 
median line, and two extemally. The two inner cells form the 
eventual testes, and the outer the ovaries, one half of each pHmitive 
ceil thus forming an ovary, and the other a tent in. 

* The Hertwigs (No. 171 ) state that in their mrinion the generative cells arise from 
the lining of the body cavity in aU the forms whose body cavity is a product of the 
ardienteron. We do not know anjrtbing of the embryonic development of the gene- 
rati^ organs in the Bchinodermata, hot the adult position of the generative organs 
In this group is vciy onfavoorable to the Hertwigs* vi#w. 

» 0. Hertwig, ZHe Chatognathen. Zena, 1880. 
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When the archenteric cavity is divided into a median alimentary 
tract, and two lateral sections forming the body cavity, the generative 
organs are placed in the common vestibule into which both the body 
ca^ty and alimentary cavity at first open (fig. 408). 

The generative organs long retain their character as simple cells. 
Eventually (fig. 409) the two ovaries travel forwards, and apply them* 
selves to the body walls, 
while the two testes also 
become separated by a 
backward prolongation of 
the median alimentary 
tract. 

On the formation of 
the transverse septum di- 
viding the tail from the 
body, the ovarian cells lie 
immediately in front of 
this septum, and the testi- 
cular cells in the region 
behind it. 

Pdysoa* In Pedicel- 
lina amongst the ent<> 
proctous Polyzoa,Hatschek 
finds that the generative 
organs originrite from a 
pair of specially large me- 
soblast cells, situated in the 
space between the stomach and the floor of the vestibule. The two 
cells undergo changes, which have an obvious resemblance to those 
of the generative cells of the Cha^tognatha. They become surrounded 
by an investment of mesoblast cells, and divide so as to form two 
masses. Each of these masses at a later period separates into an 
anterior and a posterior part. The former becomes the ovary, the 

latter the testis. ^ i * j 

Ncnuitoda* In the Nematoda the generative organs are derived 
from the division of a single cell which would appear to be meso- 
blastic*. 

InSdCta* The generative cells have been observed at a very 
early embryonic stage in sevenil insect forms (Vol. i. p. 344), but the 
observations so far recorded with reference to them do not enable us 
to determine with certainty from which of the germinal layers they 

are derived. i t 

Cnist&CBa* In Moina, one of the Cladocera, Grobben has ®bewn 
that the generative organs arc derived from a single cell, which 


Fio. 409. Two VIEWS of a lat* aiiBByo op 
Saoitta. a, from the dorsal sotfsee. B, from the 
side. (After Biitschli.) 

in. mouth; al. alimenti^ canal; v.g. ventral 
ganglion (thickening of epiblast) ; ejp. epiblast; 
c.pv. cephalic section of body cavity; somato- 
pleure ; up. splanchnoplenre ; gf* genemtive organs. 


> rUt Vol. I. p. 809; also Gotte, Zool. Ameiger, No. Bo, p. 189. 

* C. Grobben. “Die Entwick. d. Moina rectuostns. Aroftt* u. «. *ow. 


/fiatito 


Wien. Vol. n. 1879. 
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becomes dHFerentiated during the segmentation. This cell, which is 
in close contiguity with the cells from which both the mesoblast and 
hymblast originate, subsequently divides ; but at the gastrula stage, 
and after the mesoblast has become formed, the cells it gives rise»^to 
are mdomd in the epiblast, and do not migrate inwards till a later 
stage. The products of the division of the generative cell sub- 
sequently divide into two masses. It is not possible to assign the 
genera^i^ oe}l of Moina to a definite germinal layer. Grobben, 
howevoi^^ thihits that it originates from the division of a cell, the 
remainder of which gives rise to the hypoblast. 

In the Vertebrata, the primitive generative cells 
(often hhilWti as primitive ova) are early distinguishable, being im- 
bedded^ ^aincmgst the cells of two linear 
streaks of peritoneal epithelium, placed 
on the doiw side of the body cavity, 
one on each side of the inesenter)^ (figs. 

405 C and 410, po). They appear to be 
derived horn the epithelial cells amongst 
which they lie; and are characterized 
by containing a large granular nucleus, 
surrounded by a considerable body of pro- 
toplasm. The peritoneal epithelium in 
which they are placed is known as the 
germinal epithelium. 

It is at first impossible to distinguish 
the germinal cells which will become ova 
from those which will become sperma- 
tozoa. 

The former however remain within 
the peritoneal epithelium (ti«^. 411), and 
become converted into ova in a manner 
more particularly described in Vol. i. pp. 

43—47. 

The history of the j)rimitive germinal 
cells in the male has not been so ade- 
quately worked out as in the female. 

The fullest hist/f)rv of them is that 

f ven by SemjHjr (No. 559 ) for the 
lasmobranchii, the general accuracy of 
which I can fully supjx)rt; though with 
reference to certain stages in the history 
further researches arc still required*. 

In Elasmobranchii the male germinal 
cells, instead of remaining in the germinal 
epithelium, migrate into the adjacent stroma, accompanied I believe 



Flu. 410. Section thkovor 
lIIETUrNKOF A ScYLiJUM EMBAYO 
BLIUHTLV YOCNUKlt THAN 28 F. 

itp.r. Bpinal cord; W, iihite 
matter of Hpiiial ronl ; pr. poste- 
rior nerve- ruoU; ch. Doioehord; 
O’. 8 ub-notocliordal rod; ao. aorta; 
mp muHcle^pIate ; mp\ itmer layer 
of muBcle-plate already eonveited 
into mi28olce; Fr. mdimant of 
vertebral body; it. fiegsaental 
tulxj; id. Hegmenial duct; 9 pA\ 
spiral valve; v. subiutestlnadvein ; 
p.o. primitive generative cellii. 


^ Balbiani (No. 554 ) has also recently dealt with this subject, but 1 cannot bring my 
own observational into accord with bis as to the structure of the Elaamobranch testis. 
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bj some of the indiffeient epithelial cells. Here they increase in 
number, and give rise to masses of variable form, composed jMuidy 
of true germinal cells, and partly of smaller cells with deejply staining 
nuclei, which are, 1 believe, derived from the germinal epithelium. 



FlO. 41 1 « TbAN8V£B8JB section turouoh the ovaby of a young bmbbyo or 

SCYLUUM CANICULA^ TO SHEW THE PBIMITIVE OEBMINAL CELLS {po) LYING IN THE 
OBBXINAL EPITHELIUM ON THE OUTEB BIDE OF THE OVABUN BIDGE. 


These masses noxt break up into ampullae, mainly formed of 
germinal cells, and each provided with a central lumen ; and these 
ampullsB attach themselves to tubes derived from the smaller cells, 
which are in their turn continuous with the testicular network. The 
spermatozoa are developed from the cells forming the walls of the 
primitive ampullje ; but the process of their formation does not con- 
cern us in this chapter. 

In the Reptilia Braun has traced the passage of the primitive 
germinal cells into the testicular tubes, and I am able to confirm his 
observations on this point : he has not however traced their further 
history. 

In Mammalia the evidence of the origin of the sperraatospores 
from the germintxl epithelium is not quite complete, but there can be 
but little doubt of its occurrence*. 

In Amphioxus Langerhans has shewn that the ova and sperma- 
tozoa are derived from similar germinal cells, which may be com- 
pared to the germinal epithelium of the Vertebrata. These cells are 
however segmentally arranged as separate masses (viefo Vol. l. 
p. 48). 

Bibliographv. 

(554) G. Balbiani. Le^on$ la p^n^ration des VerMr^s, Paris, 1879 . 

(555) Balfour. “On the structure and development of the Vertebrate 
ovary.** Quart J. of Alter, Seiencft Vol. xviii. 

^ An entirely different view of the origin of the eperm cells has been adopted by 
Balbiani, for which the reader ia referred to his Memoir (No. 554). 



MODB OF EXIT OF GE FIT A L PRODUCTS. 


616 


(«S6) E. Vftii Beneden. ** De la distinction origindle da teetknile ci de Tovaire, 
et0»*" BvAL Ae. ray. belgique^ Vol. xxmt. 1874. 

(557) Eleinenberg. ** Ueb. d. Entstehung d. Eier b. EadendHnm.’* Zeit.f. 
iffiit. zoaLf YcH. xxxr. 1881. 

(558) H. Ludwig. **Ueb. d. Eibildnngim Theirreiohe.*' Arbeit, a, d, xool*X90t. 
IfMttL WUrzlmrgt Vol. 1. 1874. 

(559) Sender. **Da8 Urogenitalsjatem d. Plagiostomen, etc.’* Arbeit, a. d. 
zool.*Moot. In$Ht. W&rzburgt Vol. n. 1875. 

(560) A. Weismann. ** Zur Fragc nabh dem Urspnmg d. Ocedhleehtsaellen bei 
den Hydfoiden.** Zaol. Anzeigert Ko. 55, 1880. 

Vide also 0. and B. Hertwig (No. 171), Kdlliker (No. 998), etc. 


Genital ducts. 

The development and evolution of the generative ducts is as yet 
very incompletely worked out, but even in the light of our nresent 
knowledge a comparative review of this subject brings to ligW fea- 
tures of considerable interest, and displays a fruitful field for future 
research. 

In the Ccelenterata there are no generative ducts. 

In the Hydromedume and Siphonophora the generative products 
are liberated by being dehisced directly into the surrounding me- 
dium; while in the Acraspeda, the Actinozoa and the Ctenophura, 
they are dehisced into parts of the gastrovascular system, and 
carried to the exterior through the mouth. 

The arrangement in the latter forms indicates the origin of the 
methods of transportation of the genital products to the exterior in 
many of the higher types. 

It has been alres^y pointed out that the body cavity in a very 
huge number of forms is probably derived from parts of a gastro- 
vascular system like that of the Actinozoa. 

When the part of the gastrovascular system into which the 
generative pro^lucts were dehisced became, on giving rise to the body 
cavity, shut off from the exterior, it would l>e essential that some mode 
of transportation outwards of the generative products should be con- 
stituted. 

In some instances simple pores (probably already existing at the 
tinie of the establishment of a closed body cavity) became the gene- 
rative ducts. Such seems probably to have been the case in the 
Cbaetognatha (Sagitta) and in the primitive Chordata. 

In the latter forint the generative products are sometimes dehisced 
into the periton^ cavity, and thence tiansi>orted by the abdominal 
pores to the exterior (Cyclostomata and some Teleostei, vide p. 514), In 
Amphioxus they featt by dehiscence into the atrial cavity, and thence 
through toe gill slits and by the mouth, or by the abdominal pore (1) to 
the exterior. The arrangement in Amphioxus and the Teleostei is pro- 
bably secondary, as possibly ako is that in the Cyclostomata ; so that the 
primitive mode of exit of the generative products in the Chordata is stdl 
nneert^. It is highly improbable that the generative ducts of the Tunicata 
are primitive stmetures. 
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A l>etter established and more frequent mode of exit of the gene- 
rative prodficts when dehisced into the body cavity is by means 
ot the excretory organs. The generative products pass from the body 
cawity into the open peritoneal funnels of such organs, and thence 
through their ducts to the exterior. This mode of exit of the genera- 
tive products is characteristic of the Chaetopoda, the Gephyrea, the 
Brachiopoda and the Vertebrata. and probably also of the Mol- 
lusca. It is moreover quite possible that it occurs in the Polyzoa, 
some of the Arthropoda, the Platyelminthes and some other types. 

The simple segmental excretory organs of the Polychaete, the 
Gephyrea and the Brachiopoda serve as generative canals, and in 
many instances they exhibit no modification, or but a very slight one, 
in connection with their secondary generative function; while in other 
instances, e.g. Bonellia, such modification is very considerable. 

The generative ducts of the Oligochaeta are probably derived from 
excretory organs. In the TetTicola ordinary excretory organs are present 
in the generative segments in addition to the generative ducts, while in the 
Limicola generative ducts alone are present in the adult, but before their 
<)evelopment exci-etory organs of the usual type are found, which undergo 
atrophy on the ap|)earance of the generative ducts ( Vedjovsky). 

From the analogy of the splitting of the segmental duct of the Vertebrata 
into the Mullerian and Wolffian ducts, as a result of a combined generative 
and excretory function (vide p. 600 ), it seems probable that in the genera- 
tive segments of the Oligochieta the excretory organs had at first both an 
exci'etory and a generative function, and that, as a secondary result of 
this double function, each of them has become split into two parts, a 
generative anil an excretory. The generative part has undergone in all 
forms great inodiHcations. The excretory parts remain unmodified in the 
Earthworms (Terricola), but completely abort on the development of the 
generative ducts in the Limicola. An exjdanation may probably be given 
of the peculiar arrangements of the generative ducts in Saccocirrus amongst 
the Poiychaeta (vide Marion and Bobretzky), analogous to that just offered 
for the Oligochieta. 

The very interesting modifications produced in the excretory 
organs of the Vertebrata by their serving as generative ducts were fully 
described in the last chapter ; and with reference to this part of our 
subject it is only necessary to call attention to the case of Lepidosteus 
and the Teleostei. 

In Lepidosteus the Mullerian duct appears to have become at- 
tached to the generative organs, so that the generative products, 
instead of falling directly into the body cavity and thence entering 
the open end of a peritoneal funnel of the excretory organs, pass 
directly into the Mullerian duct without entering the body cavity. In 
most Teleostei the modification is more complete, in that the generative 
ducts in the adult have no obvious connection with the excretory or^ns. 

The transportation of the male products to the exterior in all the 
higher Vertebrata, without passing into the body cavity, is in principle 
similar to the arrangement in Lepidosteus, 

The above instances of the peritoneal funnels of an excretory 
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organ becoming continuous with the generative glands, render it 
highly probable that there may be similar instances amongst the 
IttveiteWta. 

As has been already pointed out by Gegenbaur there are n^y 
fes^ures in the structure of the genital ducts in the more primitive 
Mollusca, which point to their having been derived from the excretory 
organs. In several Lamellibranchiata* (Spondylus, Lima, Pecten) the 
genemtive ducts open into the excretory organs (organ of Bojanus), 
so that the generative products have to pass through the excretory 
oigan on their way to the exterior. In other Lamellibranchiata the 
genital and excretory organs open on a common papilla, and in the 
remaining types they are placed close together. 

In the Cephalopoda again the peculiar relations of the generative 
organs to their ducts point to the latter having primitively had a dif- 
ferent, probably an excretory, function. The glands are not continuous 
with the ducts, but are placed in special capsules from which the ducts 
proceed. The genital products are dehisced into these capsules and 
thence pass into the ducts. 

In the Gasteropoda the genital gland is directly continuous with 
its duct, and the latter, especially in the Pulmonata and Opistho- 
branchiata, assumes such a complicated form that its origin from the 
excretoiy organ would hardly have been suspected. The fact how- 
ever that its opening is placed near that of the excretory organ points 
to its being homoiogous with the generative ducts of the more 
primitive types. 

Id the JJiscophora, wdiere the general ive ducts are continuous with 
the glands, the structure both of the generative glands and ducts points 
to the latter having originated from excret^^ry organs. 

It seems, as already mentioned, very possible that there are other 
types in which the generative ducts are derived from the excretory 
organ.s. In the Arthropoda for instance the generative ducts, where 
provided with anteriorly placed ofienings, as in the Crustacea, Arach- 
nida and the Chilogriathous Myriapoda, the Pcecilojxida, etc., may 
possibly be of this nature, but the data for deciding this point are 
so scanty that it is not at present possible to do more than frame 
conjectures. 

The ontogeny of the generative ducts of the Nematoda and the 
Insocta appears to point to their having originated independently of 
the excreti>ry organ.s. 

In the Nematoda the generative organs of both sexes originate 
from a single cell (Schneider, Vol. l. No. 390). 

This cell elongates and its nuclei multiply. After assuming a 
somewhat columnar form, it divides into (1) a HU[>ei’ficial investing 
layer, and (2) an axial portion. 

In the female the superhcial layer is only developed distinctly in 


* For a aammary of the facta on thia aubject viAe Broan, Klanfen u. Ordmmffen d* 
ThUrreichs, Vol. 111 . p. 404. 
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the median part of the column. In the course of the further 
development the two ends of the column become the blind ends of 
the ovary, and the axial tissue they contain forms the germinal tissue 
oft nucleated protoplasm The superficial layer gives rise to the 
epithelium of the uterus and oviduct. The germinal tissue, which is 
originally continuous, is interrupted in the middle part (where the 
superficial layer gives rise to the uterus and oviduct), and is confined 
to the two blind extremities of the tube. 

In the male the superficial layer, which gives rise to the epi- 
thelium of the vas deferens, is only formed at the hinder end of the 
original column. In other respects the development takes place as 
in the female. 

In the Insecta again the evidence, though somewhat conflicting, 
indicates that the generative ducts arise very much as in Nematodes, 
from the same primitive mass as the generative organs. In both of 
these types it would seem probable that the generative organs were 
primitively placed in the body cavity, and attached to the epidermis, 
through a pore in which their products passed out; and that, acquiring 
a tubular form, the peripheral pait of the gland gave rise to a duct, the 
remainder constituting the true generative gland. It is quite possible 
that the generative ducts of such forms as the Platyelminthes may 
have bad a similar origin to those in Insecta and Nematoda, but from 
the analogy of the Mollusca there is nearly as much to be said for 
regarding them as nK>dified excretory organs. 

In the Echinodermata nothing is unfortunately known as to the 
ontogeny of the generative organs and ducts. The structure of these 
organs in the adult would however seem to indicate that the most primi- 
tive type of echinoderm generative organ consists of a blind sack, 
projecting into the body cavity, and opening by a pore to the exterior. 
The sack is lined by an epithelium, coutinuous with the epidermis, the 
cells of w’liich give rise to the ova or spermatozoa. The duct of these 
organs is obviously hardly differentiated from the gland ; and the 
whole structure might easily be derived from the type of generative 
organ characteristic of the Hydromedusa% where the generative cells 
are developed from special areas of the ectoderm, and, when lipe, pass 
directly into tlic surrounding medium. 

If this suggestion is correct we may suppose that the genera- 
tive ducts of the Echinodermata have a different origin to those of the 
majority of* the remaining tiiplobla.stica 

Their ducts have been evolved in forms in which the generative 

S roducts continued to be liberated directly to the exterior, b& in the 
[ydromedusa^; while those of other types have been evolved in forms 
in which the generative pnxluets were first transported, as in the 
Actinozoa, into the gastrovascular canals*, 

^ It would be interesting to have further information about Balanoglossus, 

» These views fit in very well with those already put forward in Chapter xni. on 
the afiiiiiiies of the Echinodermata. 



CHAPTER XXV. 

THE ALIMENTARY CANAL AND ITS APPENDAGES, 
IN THE CHORDATA. 


The alimentary canal in the Chordata is always formed of three 
sections, analogous to those so universally present in the Invefte- 
brata. These sections are (1) the inesenteron lined by hypoblast; 
(2) the stomodaum or mouth lined by epib’ast, and (3) the procto- 
dseum or anal section lined like the stomodjeum by epiblast. 

ilesenteron. 

The early development of the epithelial wall of the inesenteron 
has already been described (Chapter Xf.). It forms at first a simple 
hypoblastic tube extending from near the front end of the body, 
where it terminates blindly, to the hinder extremity where it is 
united with the neural tube by the neurenteric canal (fig. 420, ne). 
It often remains for a long time widely open in the middle towards 
the yolk -sack. 

It has alreacly been shewn that from the dorsal wall of the 
mesenteron the notochord is separated otf nearly at the same time 
as the lateral plates of mesoblast (pp. 243 — 249). 

The enhnotochordal rod. At a period slightly subsequent to the 
formation of the notochord, and before any important differentiations 
in the mesenteron have become apparent, a remarkable rod-like 
body, which was first discovered by Gotte, becomes split off from tlie 
dorsal wall of the alimentary tract in all the Ichtfiyopsida. This 
body, which has a purely provisional existence, is known as the sub* 
notochordal rod. 

It develops in Elssmobranch embryos in two sections, one situated in 
the head, and the other in the trunk. 

The section in the trunk is the first to appear. The wall of the 
alimentary canal becomes thickened along the median dorsal line (fig. 
412, x)^ or else produced into a ridge into which there penetrates a narrow 
prolongation of the lumen of the alimentary canal. In either case tiie 
celb at the extreme summit become gradually constricted oflT as a rod, 
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which lies immediately dorsal to the alimentary tract, and ventral to the 
notochord (fig. 413, x). 

In the hindermost part of the body its mode of formation difiers some- 
what from that above described. In this ]>ai*t the alimeutaiy wall is very 
thtck, and undergoes no 8()6cial growth prior to the foimation of the sub- 
notochordal rod; on the contraty, a small linear [)ortion of the wall 
becomes scoo]»e(l out along the median dorsal line, and eventually separates 
from the remainder as the rod in question. In the trunk the splitting off 
of the rod takes place from before backwards, so that the anterior part of 
it i.s foniied Wfore the posterior. 



Fio. 412. Thanbvkkbk skction 

TRROUOH THE TAIL KEOION OF A PRISTI- 
rnUB EMBRYO OF THE SAME AGE AS FIG. 

2B £. 

df, dorsal fin; ir/i.r. spinal cord; 
pp, l>ody cavity; »p. splanchnic layer 
of inesoblast; no. somatic layer of 
mesoblast; mp\ portion of splanchnic 
mesoblast commencing to be differen- 
tiated into muscles ; ch, iiotoehord ; x. 
subuotocliordal rod arising as an out- 
growth of the dorsal wall of tbe all- 
ujoiitary tract; aL alimentaiy^ tract. 



Fig, 413. Transverse sec- 
tion THROUGH THE TRUNK OF AN 
EURRYO SLIGHTLY OLDER THAN 
FIO. 2B E. 

nv, neural canal; pr. posterior 
root of spinal nerve; x. subnoto- 
chordal rod; oo. aorta; «c. somatic 
mesoblast; sp. splanchnic meso- 
biast ; mp. muscle-plate ; mp\ por 
tion of muscle-plate converted 
into muscle; Vr, portion of the 
veitebral plate which will give rise 
to the vertebral bodies ; al. ali- 
mentary tract. 


The section of the subnotochoixbil rod in the head would appear to 
develop in the same way as that in the trunk, and the sjdittiug off from 
the tlii*oat procet^ds fi'oin before backwards. 

On the formation of the donsal aorta, the subnotochordal rod becomes 
se|)arated from tlie wall of the gut and the aorta iatei jrosed between the 
two (fig. 367, x). 

When the subnotochordal rod attains its fulle.st development it ter- 
minates anteriorly some way in fmnt of the auditory vesicle, though a 
little behind the end of the notochord ; |K)sterioily it extends very nearly 
to the extremity of the tail mui is almost co-exfetisive anth tJm j^ostanal 
section qftlic alumnlarjf tracts though it does not i-each quite so far back as 
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the caudal vesicle (fig, 424, hx). Very sliortly after it has attained its 
maximum size it begins to atrophy in front. We may therefore conclude 
that its atrophy, like its development, takes place fi*om befoie backwards. 
During the later embryonic stages not a trace of it is to be seen. It has 
also been met with in Acipenser, Lepidosteus, the Teleostei, Petromyzbn, 
and the Amphibia, in all of which it appears to develop in funda- 
mentally the same way as in Elasmobranchii. In Acipenser it appeam to 
})erai8t in the adult as the subvertebral ligament (Bridge, Salensky), It 
has not yet been found in a fully develoj)ed form in any amniotic Verte- 
brate, though a thickening of the hypoblast, which may perhaps be a 
rudiment of k, has been found by Mai*shal) and myself in the Chick 
(fig, 110,4 

Eisig has instituted an interesting coinjiarison between it and an 
organ which he has found in a family of Oluetopods, the Capitellida\ In 
these forms there is a tube underlying the alimentary tract for nearly its 
whole length, and opening into it in front, and probably behind. A remnant 
of such a tnbe might easily form a rudiment like the subiiotochordal 
rod of the Ichthyo}».sida, and as Eisig points otit the prolongation into the 
latter during its formation of the lumen of the alimentary tract distinctly 
favours such a view of its original nature. We can however hardly suppose 
that there is any direct genetic connection bt‘t\veei> Eisig's organ in the 
Capitellidse and the subnotochordal rod of tbe Chordata. 

Splanchnic mesoblast and mesentexy. The rnesenteron consists 
at first of a simple bypoblastic tube, which how^ever Ixicornes enve- 
loped by a layer of splanchnic mesoblast. This layer, which is not 
at first continued over tbe dorsal side of the rnesenteron, gradually 
grows in, and interposes itself between tbe hypf>blast of the mesen- 
teron, and the organs above. At the same time it becomes dif- 
ferentiated into two layers, viz. an outer epithelioid layer which 
gives rise to part of the peritoneal epithelium, and an inner layer 
of undifferentiated cells which in time bt*comes converted into the 
connective tissue ami muscular walls <»f tlie mesenttTou. The con- 
nective tissue layers become first formed, while of the muscular layers 
the circular is the first to make its appearance. 

Coincidently with their differential i«)n the connective tissue 
stratum of the peritoneum becomes established. 

The Mesentety. Prior to the splanchnic mesoblast grow ing round 
the alimentary tube above, the attachment of the latter structure to 
the dorsal wall of the body is very wide. On the completion of this 
investment the layer of mesoblast suspending the alimentary tract 
becomes thinner, and at the same time the alimentary canal appears 
to be drawn downwards and away from the vertebral column. 

In what may be regarded as tbe thoraede division of the general 
pleuroperitoneal space, ahmg that part of the alimentary canal which 
will form the casophagus, this withdrawal is very slight, but it is 
very marked in tbe abdominal region. In the latter tbe at first 
straight digestive canal comes to be suspended from the body above 
by a narrow flattened band of mesoblastic tissue. This flaitetieti 
band is tbe mesentery, shewn commencing in fig. 117 , and much 
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more advanced in fig. 119, M. It is covered on either side hy a layer 
of flat cells, which form part of the general peritoneal epithelioid 
lining, while its interior is composed of indifferent tissue. 

The primitive simplicity in the arrangement of the mesentery is 
usually afterwards replaced by a more complicated disposition, owing 
to the subsequent elongation and consequent convolution of the 
intestine and stomach. 

The layer of peritoneal epithelium on the ventral side of the 
stomach is continued over the liver, and after embracing the liver, 
becomes attached to the ventral abdominal wall (fig. 380). Thus in 
the region of the liver the body cavity is divided into two halves by 
a membrane, the two sides of which are covered by the peritoneal 
epithelium, and which encloses the stomach dorsally and the liver 
ventrally. The part of the membrane between the stomach and 
liver is narrow, and constitutes a kind of mesentery suspending the 
liver from the stomacli : it is known to human anatomists as the 
lesser omentum. 

The part of the membrane connecting the liver with the anterior 
abdominal wall constitutes the falciform or suspensory liga- 
ment of the liver. It arises by a secondary fusion, and is not a 
remnant of a primitive ventral mesentery (vide pp. 513 and 514). 

The mesentery of the stomach, or mesogastrium, enlarges in Mam- 
malia to form a peculiar sack known as the greater omentum. 

The mesenteron exhibits very early a trifold division. An 
anterior portion, extending as far as the stomach, becomes separated 
off as the respiratory division. On the formation of the anal 
invagination the portion of the mesenteron behind the anus becomes 
marked off as the post anal division, and between the postanal 
section and the respiratory division is a middle portion forming an 
intestinal and cloacal division. 

The respiratory division of the mesenteron. 

This section of the alimentary canal is distinguished by the fact 
that its walls send out a series of paired diverticula, which meet 
the skin, and after a perforation has been effected at the regions of 
contact, form the branchial or visceral clefts. 

In Amphioxus the respiratory regifui extends close up to the 
opening of the hepatic diverticuluni, and therefore to a position 
corresponding with the commencement of the intestine in higher 
types. In the craniate Vertebrata the number of visceral clefts 
has become reduced, but from the extension of the visceral clefts in 
Amphioxus, combined with the fact that in the higher Vertebrata the 
vagus nerve, which is essentially the nerve of the branchial pouchea, 
supplies in addition the walls of the oesophagus and stomach, it may 
reasonably be concluded, as has been pointed out by Gegenbaur, that 
the true respiratory region primitively included the region which in 
the higher types forms the oBSophagus and stomach. 
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In Ascidians the respiratory sack is homologous with the respira- 
tory tract of Amphioxus. 

The details ot the development of the branchial clefts in the differ^ 
ent groups of Vertebrata have already been described in the systematic 
part of inis work. * 

In all tlie Ichthyopsida the walls of a certain number of clefts be- 
come folded ; and in the mesoblast within these folds a rich capillary 
network, receiving its blood from the branchial arteries, becomes 
established. These folds constitute the true internal gills. 

In addition to internal gills eternal hranchtal processes covered 
by epiblast are placed on certain of the visceral arches in the larva of 
Polypterus, Protopterus and many Amphibia. The external gills 
have probably no genetic connection with the internal gills. 

The so-called external gills of the embryos of Elasmobr^nchii are 
merely internal gills prolonged outwards through the gill clefta 

The posterior part of the primitive respimtory division of the 
mesenteron becomes, in all the higher Vertebrata, the oesophagus and 
stomach. With reference to the development of these parts tlie only 
point worth especially noting is the fact that in Elasmobranchii and 
Teleostei their lumen, though pre.sent in very young embryos, 
becomes at a later stage completely filled up, and thus the alimen- 
tary tract in the regions of the oesophagus and stomach becomes a 
solid cord of cells (fig. 23 A, oes): as already suggested (p. 50) it seems 
not impossible that this feature may be connected with the fact that 
the oesophageal region of the throat ^vas at one time perforated by 
gill clefts. 

In addition to the gills two import^int organs, viz. the thyroid 
body and the lungs, take their origin from the respiratory region of 
the alimentary tract. 

Thyroid body. In the Ascidians the origin of a groove-like 
diverticulum of the ventral wall of the branchial sack, bounded by two 
lateral folds, and known as the endostylc or hypopharyngeal groove, 
lias already heen described (p. 15). This groove remains permanently 
open to the phaiyngeal sack, and would seem to serve as a glandular 



FlO. 414. PlJUtBAMMATlC VKBTirAl. KRCTION OF A jeHT-HATCHKO MKVA Uf 
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orgikQ seoiretiag mucus. As wus first pointed out by W. Miiller t^re 
is present in Amphioxus a very similar and probably homologous 
organ, known as the hypopharyngeal groove. 

In the higher Vertebrata this organ never retains its primitive 
condition in the adult state. In the larva of Petromyzon there is, 
however, present a ventral groove-like diverticulum of the throat, 
extending from about the second to the fourth visceral cleft. This 
organ is shewn in longitudinal section in fig. 414, A, and in transverse 
section in fig. 415, and has been identified by W. Muller (Nos. 565 
and 566) with the hypopharyngeal 

n ve of Amphioxus and Ascidians. 

^es not, however, long retain its 
primitive condition, but its open- 
ing becomes gradually reduced to a 
pore, placed between the third and 
fourth of the permanent clefts (fig. 

416, th). This opening is retained 
throughout the Ammocoete condi- 
tion, but the organ becomes highly 
complicated, with paired anterior 
iterior horns and a median 
portion. In the adult the 
connection with the pharynx is ob- 
literated, and the organ is partly absorbed and partly divided up into 
a series of glandular follicles, and eventually forms ^ thyroid wdy. 
From the consideration of the above facts W. Muller was led to 
the conclusion that the thyroid body of the Craniata was derived from 
the endostyle or hypopharyngeal groove. In all the higher Vertebrata 
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Fig. 415. Diaobammatic tbans- 

VEBSE SECTIONS THBOUGH THE BBANCHIAL 
BB6I0N OF YOUNG LABTJ5 OF PeTBOMT- 

zoN. (From Gegenbanr; after Caltola.) 
d, branchial region of throat. 



Fio. 416. Duoeamuatxc veiitxcal section through the bead of a larva or 

Petrohyzon. 

The larva had been hatched three days, and was 4*8 mm. in length. The optic and 
auditory vesicles are supposed to be seen through tlie tissues. The letter tv pointing 
to the base of the velum is where Scott believes the hyomaudibular cleft to be situated. 

c.Jt. oerebral hemisphere; th, optic thalamus; in. infundibulum; |>n. pineal (^and; 
mb. mid-brain; eb. oerobelluro; md. medulla oblongata; au.v. auditory veside; op. 
optie vesicle; of. oUbctoiy pit; m. mouth; br.c. branchial pouches; th, thyroid %nvo- 
lutitm; VMO, ventral aorta ; hi, ventricle of heart; ch, notooliord. 
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t.he thyroid body arises as a diverticulum of the ventral wall of the 
throat in the region either of the mandibular or hyoid arches (fig. 
417, Th), which after being segmented off becomes divided up into 
follicles. 

Cf 

In Elasraobrancli embryos it appears fairly early as a diverticulum 
from the ventral surface of the throat in the region of the niandihtdar arcA, 
extending from the border of the mouth to the point where the ventral aorta 
divides into the two aortic branches <)f the mandibular arch (fig. 417, Th), 
Somewhat later it becomes in Scyllium and Torpedo solid, though still 
retaining its attachment to the wall of the oesophagus. It continues to 
grow in length, and becomes divided up into a number of solid branched 
lobules sefiarated by connective tissue septa. Eventually its connection 
with the throat becomes lost, and the lobules develop a lumen. In Acan- 
thias the lumen of the gland is retained (W. Miiller) till after its detach- 
ment from the throat. It pre.serve.s its embryonic ])o.sitiun through life. 
In Amphibia it originates, as in ElH.smobranchii, from the region of the 
mandibular arch ; but when first visible it fomis a double epithelial wall 
connecting the throat with the nervous layer of the epidermis. It sub- 
sequently beeoines detached from the epidermis, and then has the u^ual 
form of a di\'ei*ticulum from the throat. In most Am[>hihians it becomes 
divided into two lobes, and so forms a })aired body. The peculiar connec- 
tion between the thyroid diverticulum and the epidermis in Amphibia 
has been noted by Gdtte in Bombinator, ami by Scott and Osborn in 
Triton. It is not very ea'^y to see what meaning this connection can have. 

In the Fowl (W. Muller) the thyroid body arises at the end of the second 
or begiuning of the third tlay as an outgrowth from the hy])oblast of the 
throat, opiK)site the point of origin of the auteiior arterial arch. This 
outgrowth becomes by the fourth day a solid mass of cells, and by the 
fifth ceases to be connected with the epithelium of the throat, becoming at 
the same time bilobed. By the seventh day it has travelled somewhat 
backwards, and the two lobes have completely separated from each other. 
By tlie ninth day the whole is invesU^d by a capsule of connective tissue, 
which sends in septa dividing it into a number of lobes or solid masses of 
cells, and by the sixteenth day it is a paired body com|> 08 ed of a number 
of hollow bi-anched follicles, each with a * membraiia propria,* and 8ep}i- 
rated from each other by septa of connective tissue. It finally travels back 
to the point of origin of the carotids. 

Amongst Mammalia the thyroid arises in the Babbit (Kulliker) and 
Man (His) as a hollow diveitlculum of the throat at the bifurcation of the 
foremost pair of aortic arches. It soon however becomes solid, and is 
eventually detached from the throat and cotnes to lie on the ventral side 
of the larynx or windpipe. The changes it undergoes are in the main 
similar to those in the lower Vertebrata. It becomes partially constricted 
into two lol>es, wliich remain however united by an isthmus'. The fact 

1 'Wdlfler (Nc. 571) states that in the Pig and Calf the thyroid body is formed as 
a pair of epithelial vesicles, which are developed as outgrowths of the walls of tie 
first pair of visceral clefts. He attempts to explain the contradictory observations of 
other embryologists by supposing that they have miKtslcen the ventral ends of visceral 
poodles for an nupaired ontgrowtb of the throat. Htieda (Ko. 569) also states that 
m the Pig and Sheep the thyroid arises as a paired body from the epithelium of a pair 
of viscera] clefts, at a much later period than would npt>c*sr from the observations of 
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that the thyroid sometimes arises in the region of the first and sometimes 
in that of the second cleft is probably to be explained by its rudimentary 
character. 

The Thinoms g^laild. The thymus gland may conveniently be dealt 
wfth here, although its origin is nearly as obscure as its function. Tt has 
usually been held to be connected with the lymphatic system. Kolliker 
was the first to shew that this view was probably erroneous, and he 
attempted to prove that it was derived in the Habbit from the walls of 
one of the visceral clefts, mainly on the 
ground of its presenting in the embryo an 
epithelial character. 

Stieda (No. 569) lias recently verified 
Kcilliker’s statements. He finds that in the 
rig and the Sheep tlie thymus arises as a 
paired outgrowth from the epithelial rem- 
nants of a pair of visceral clefts. Its two 
lobes may at first be eitlier hollow (Sheep) 
or solid (Pig), but eventually become solid, 
and unite in the median line. Stieda and 
His hold that in the adult gland, the sf»- 
called corpuscles of Ha^sall are the remnants 
of the embryonic epithelial part of the gland, 
and that the lymphatic part of it is of 
inesoblastic origin ; but Ktilliker believes 
the lymphatic celts to be direct products 
of the embryonic epitlielial cells. 

The posterior visceral clefts in the course 
of their atrophy give rise to Vtirious more 
or less consjiicuous bodies of a pseudo- 
glandular nature, which have been chiefly 
studied by Kemak'. 

Swimming bladder and lungs. A 

swimming bladder is present in all Ga- 
noids and in the vast majority of Tele- 
ostei. Its develoi)ment however is only 
imperfectly knowii. 

In the Salmon and Carp it arises, as was first shewn by Von Baer, 
as an outgrowth of the alimentary tract, shortly in front of the liver. 
In these forms it is at first placed on the dorsal side and slightly to 
the right, and grows backwards on the dorsal side of the gut, between 
the two folds of the mesentery. 

The absence of a pneumatic duct in the Physoclisti would appear 
te be due to a post-larval atropliy. 
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I'lo. 417. Section through 

THE HEAD OF AN ElASMOBRANCH 
EMBRYO, AT THE LEVEL OF THP. 
AUDITORY INVOLUTION. 

Th. rudiment of thyroid body ; 
auji. aiiditoiy pit; atm. ganglion 
ot auditory nerve; ir.r. roof of 
fourth ventricle; a.c.r. anterior 
cardinal vein; oa. aorta; I.a i. 
aortic trunk of mandibular arch; 
p\), head cavity of mandibular 
arch ; Iv^, alimentary pouch which 
will form the first visceral cleft 


His and KdlUker. In view of the comparative development of this organ it is difficult 
to accept either Wdlfler’s or Slieda's account. Wfilfler’s attempt to explain the sup- 
posed errors of his predecessors is certainly not capable of being applied in the case of 
Klasmobranoh Fishes, or of Petromyzon ; and I am inclined to think that the method 
of investigation by transverse sections, which has been usually emplo^’ed, is less liable 
to error than that by longitudinal sections which he has adopted. 

* For details on these organs rirfc Kdlliker, p. 881. 
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Id Lepidosteus the air-bladder appears to arisei as in the Teleosteii 
as an invagination of the dorsal wall of the oesophagus. 

In advanced embiyos of Galeiis, Mustelus and Acanthias, Miklucbo* 
Maclay detected a small diverticulum opening on the dorsal side of the 
oesophagus, which he regards as a rudiment of a swimming bladder* This 
interpretation must however be regarded as somewhat doubtful. 

The lungs. The lungs originate in a nearly identical way in all 
the Vertebrate forms in which their development has been observed. 
They are essentially buds or processes of the ventral wall of the 
primitive oesophagus. 

At a point immediately behind the region of the visceral clefts 
the cavity of the alimentary canal becomes compressed laterally, and 
at the same time constricted in the middle, so that its transverse 
section (fig. 418 i) is somewhat hourglass-shaped, and shews ad upper 
or dorsal chamber d, joining on to a lower or ventral chamber i by a 
short narrow neck. 

The hinder end of the lower 1 t 


tube enlarges (fig. 418 a), and then 
becomes partially divided into two 
lobes (fig. 418 s). All these parts 
at first freely communicate, but 
the two lobes, partly by their 
own growth, and partly by a pro- 
cess of constriction, soon become 
isolated posteriorly ; while in front 
they open into the lower chamber 
of the oesophagus (fig. 422). 

By a continuation forwards of 
the process of constriction the lower 
chamber of the oesophagus, carry- 
ing with it the two lobes above 
mentioned,becomes gradually trans> 
formed into an independent tube, 
opening in front by a narrow slit- 
like aperture into the oesophagus. 
The single tube in front is the 
rudiment of the trachea and larynx, 
while the two diverticula behind 
become (fig. 419, Ig) the bronchial 
tubes and lungs. 

While the above changes are 
taking place in the bypoblastic 
walls of the alimentary tract, the 
imlancbnic mesoblast surrounding 
these structures becomes very much 
thickened ; but otherwise bears no 
marks of the internal changes 
which are going on, so that the 



Fio. 418. Foub diagrams illustra- 
ting THR formation OF TBS LUNOS. 
(After OOtte.) 

a. mesoblast; h, hypoblast; d» cavity 
of digestive canal; 1. cavity of the pul- 
monary diverticulum. 

In (1) the digestive canal has com- 
menced to be constricted into an upper 
and lower canal; the former the true 
alimentary canal, the latter the pulmo- 
nary tube; the two tubes communicate 
with each other in the centre. 

In (2) the lower (pulmonaty) tube has 
become expanded. 

In (3) the expanded portion of the 
tube has become constricted into two 
tubes, still communicating with each 
other and with the digestive canal. 

In (4) these are completely separated 
from each other and frm the digesfive 
caniU, and the mesoblast hat also begun 
to exhibit externally changes corre- 
^nding to the internal chaises which 
have be^ going on. 
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above formation of the lungs and trachea cannot be seen from the 
surface. As the paired diverticula of the lungs grow backwards, the 
mesoblast around them takes however the form of two lobes, into 
which they gradually bore their way. 


There do not seem to be any essential differences in the mode of 
formation of the above structures in the 
types so far observed, viz. Amphibia, 

Aves and Mammalia. Wiiters differ as 
to whether the lungs first arise as paired 
diverticula, or as a single diverticulum ; 
and as to whether the rudiments of the 
lungs are established before those of the 
trachea. If the above account is correct 
it would appear that any of these posi- 
tions might be maintained. Phylogene- 
tically interpreted the ontogeny of the 
lungs appears however to imply that this 
organ was first an unpaired structure and 
has become secondarily paired, and that 
the trachea was relatively late in ap- 


The further development of the 
lungs is at first, in the higher types 
at any rate, essentially similar to that 
of a racemose gland. From each 
primitive diverticulum numerous 
Dranches are given off. In Aves and 
Mammalia (fig. 355) they are mainly 
confined to the dorsal and lateral 
parts. These branches penetrate into 
the surrounding mesoblast and con- 
tinue to give rise to secondary and 
tertiary branches. In the mesoblast 



Fio. 419. Section through the 
Lacerta Muralis of 9 mm. to shew 

THE MODE OF FORMATION OF THE 
PERICARDIAL CAVITY. 

ht heart ; pc. pericardial cavity ; 
al. alimentary tract; Ig. lung; 1. 
liver; pp. body cavity; md. open 
end of Mullerian duct ; wd. Wolffian 
duct; ve. vena cava inferior; ao. 
aorta ; ch. notochord ; vie. medullary 
cord. 


around them numerous capillaries 
make their appearance, and the further growth of the bronchial 
tubes is supposed by Boll to be due to the mutual interaction of the 
hitherto passive mesoblast and of the hypoblast. 


The further changes in the lungs vary somewhat in the different forms. 

The air sacks ai*e the most characteristic structures of the avian lung. 
They are essentially the dilated ends of the primitive diverticula or of their 
main branches. 

In Mammalia (Kolliker, No. 298) the ends of the bronchial tul*es 
become dilated into vesicles, which may be called the primary air-cells. 
At first, owing to their development at the ends of the bronchial bitches, 
these are confined to the surface of the lungs. At a later period the 
primary air-cells divide each into two or three parts, and give rise to 
secondary air-cells, while at the same time the smallest bronchial tubes, 
which continue all the while to divide, give rise at all points to fresh air- 
oelk Finally the bronchial tubes cease to become more blanched, and the 
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air*cellB belonging to each minute lobe come in tiicir fut’ther growth to 
open into a common chamber. Before the lungs assume their function 
the embiyonic air-cells undergo a considerable dilatation. 

The trachea and larynx. The development of the trachea ai^d 
Iniynx does not require any detailed de8crij>tion. The larynx is formed as 
a simple dilatation of the trachea. The cartilaginous structures of the 
larynx are of the same nature as those of the trachea. 

It follows from the above account that the whole pulmonary 
structure is the result of the growth by budding of a system of 
branched hypoblastic tubes in the midst of a mass of rnesoblastic 
tissue, the hypoblastic elements giving rise to the epithelium of the 
tubes, and the mesoblast providing the elastic, muscular, cartila- 
ginous, vascular, and other connective tissues of the tracheal and 
bronchial walls. 

There can be no doubt tljat the lungs and air-bladder are homo- 
logous stinctnres. and the very interesting memoir of Eisig on the 
air-bladder of the Cha3topoda* shews it to be highly probable that 
they are the divergent modifications of a piimitive organ, which 
served as a reservoir for gas secreted in the alimentary tract, the gas 
in question being probably employed for respiration when, for any 
reason, ordinary respiration by the gills was insufficient. 

Such an organ might easily become either purely respiratory, 
receiving its air from the exterior, and so form a true lung; or mainly 
hydrostatic, forming an air-bladder, as in Ganoidei and Teloostei. 

It is probable that in the ElasmobianchH the air-bladder has 
become aborted, and the organ discovered by Micklucho-iJaclay may 
perhaps be a last renmaiit of it. 

The middle division of the mesenteron. The middle division of 
the mesenteron, forming the intestinal and cl(?acal region, is primitively 
a straight tube, the intestinal region of which in most Vertebrate 
embryos is open below to the yolk-sack. 

Cloaca. In the Elasmobranchii, the embryos of which probably 
retain a very primitive condition of the mesenteron, this region is not 
at first sharply separated from the postanal section behind. Oppo.site 
the point where the anus will eventually appear a dilatation of the 
mesenteron arises, which comes in contact wdtli the external skin 
(fig. 28 E, an). This dilatation becomes the hypoblastic section of 
the cloaca. It communicates behind with the postanal gut (fig. 424 D), 
and in front with the intestine ; and mny be defined as the dilated 
portion of the alimentary tract which receives the genital and urinary 
ducts and opens externally by the proctodcBum, 

In Acipenser and Amphibia the cloacal region is indicated as a 
ventral diverticulum of the mesenteron even before the closure of 
the blastopore. It is shewn in the Amphibia at an early stage in 
fig. 73, and at a later period, when in contact with the skin at the 
point where the anal invagination is about to appear, in fig. 420. 

* H. Eisig, ** Ueb. d, Yorkomraen ernes iichwimmblaRenahnlichen OrgaDS bei Atine- 

Hden,*’ Mittheil, a. zoel. SfafioTi t. Vol. ii. ISSl. 
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In the Sauropsida and Mammalia the cloaca appears as a dila- 
tation of the meseii- 


teron, which receives 
th^ opening of the 
allantois almost as 
soon as the posterior 
part of the mesente- 
ron is established. 

The eventual 
changes which it un- 
dergoes have been 
already dealt with in 
connection with the 
urinogenital organs. 
Intestine. The 

region in front of the 
cloaca forms the in- 
testine. In certain 



Fitj. 420. Longitudinal skctd)N through an ad- 
vanced EMBRYO OF Bombinatok. (After Gotte.) 

wi. mouth; an, anus; I, liver; ne, neurcnteric 
canal ; me, mednllaiy canal ; ch. notochord ; pn, pineal 
^land. 


Vertebrata it nearly 

retains its primitive character fis a straight liibe ; and in these types 
its anterior part is characterised by the presence of a peculiar fold, 
which in a highly specialised condition is known as the spiral valve. 
This structure appears in its simplest form in Ainmoccetes. It there 
consists i.f a fold in the wall of the intestine, giving to the lumen 
of tliis canal a semilunar form in section, and taking a half 
spiral. 

In Elasinobranchii a similar fold to that in Animocoetes first 


makes its appearance in the embryo. This fold is from the first 
not quite strcaight, but winds in a long spiral round the intestine. 
In the course of development it becomes converted into a strong 
ridge projecting into the lumen of the intestine (fig. 388, 1 ), The 
spiral it makes becomes much closer, and it thus acquires the form 
of the adult spiral valve. A spiral valve is also found in Chimjera and 
Ganoids. No rudiment of such an organ is found in the Teleostei, 
the Amphibia, or the higher Vertebrata. 

The presence of this peculiar organ apj)ears to l>e a very primitive 
Vertebrate character. The intestine of Ascidians exhibits exactly the 
same peculiarity as that of Ammoemtes, and we may probably con- 
clude from embryology that the ancestral Chordata wore provided 
with a straight intestine liaving a fold projecting into its lumen, to 
increase the area of the intestinal epithelium. 

In all forms in wljich there is not a spiral valve, with the excep- 
tion of a few Teleostei, the intestine becomes considerably longer 
than the cavity which contjrins it, and therefore necessarily more or 
less convoluted. 


The posterior part usually becomes considerably enlarged, to form 
the rectum or in Mammalia the large intestine. 

In Elasmobranchii there is a peculiar gland opening into the 


^THE LIVER. 


di>rsal side «rf the rectum^ und in many other forms there is a oeetiin 
at the commencement of the rectum or of the laige intestine. 

In Teleostei, the Sturgeon and Lepidosteus there opens into the 
front lind of the intestine a number of ctiecal pouches known ^ 
the 'pancrdatic caeca. In the adult Sturgeon these pouches unite to 
form a compact gland, but in the embryo they arise as a series of 
isolated outgrowths of the duodenum. 

Connect^ with the anterior portion of the middle region of the 
alimentary canal, which may be called the duodenum, are two very 
important and constant glandular organs, the liver and the pancreas. 

The liver. The liver is the earliest formed and largest glandular 
organ in the embryo. 

It appears in its simplest form in Amphioxus as a single un- 
branched diverticulum of the alimentary tract, immediately behind 
the respiratory region, which is directed forwards and placed on the 
left side of the body. 

In all true Vertebrata the gland has a much more complicated 
structure. It arises as a ventral outgrowth of the duodenum (fig. 
420, l)» This outgrowth may be at first single, and then grow out 
into two lobes, as in Elasmobranchii (fig. 421) and Amphibia, or have 
from the first the form of two somewhat unequal diverticula, as in 
Birds (fig. 422), or again as in the Rabbit (Kolliker) one diverticulum 
may be first formed, and a second one appear somewhat later. The 

hepatic (liverticula, whatever may be 
their primitive form, grow . into a 
special thickening of the splanchnic 
mesoblast. 

mp From the primitive diverticula 

^ there are soon given oflF a number of 
hollow buds (fig. 421) which rapidly 
increase in length and number, and 
form the so-called hepatic cylinders. 
They soon anastomose and unite 
together, and so constitute an ir- 
regular network. Coincidently with 
the formation of the hepatic network 
the united vitelline and visceral vein 
or veins (w.t;), in their passage through 
Fio. 421. Skction thkouob tub liver, give off* numerous bran- 

vBNTRAx. PABT OF THE TBUMK OF A cLcs, Rud gradually break up into a 
YOCHO SXBBTO OF ScYLLivM AT THE plexus of channcIs which form a 

X.BVBL OF THE UMBILICAL COBO. i . i ... 

6. peetona fln ; oo. do«.l «,rU ; J 

cav, cardinal vein ; im. yiteUine ar- p8»*tC cylinders. In Amphibia tliese 
iery; uv. vitdline vein united with channels are Stated by Qdtte to be 

b«« jnd 

dwtt into the body-cevity ; mo. mne- PK>bably Vertebrata generally, they 
deplete; ttm. nmbiUeal Muu. «« from the first provided With dis- 
tinct though delicate walls. 
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It is still doubtfiil whether the Iiepatio i^linders ere ss a mle 
hollow or solid. In Elasmobrauchii they are at first provided with a 
laiige lumen, which though it becomes j^adually smaller never entirely 
wmisfaea llie same seems to hold good for Amphibia and some Mam- 
malia. In Aves the lumen of the cylinders is even from the first 
much more difficult to see, and the cylinders are stated by Remak to be 
solid, and he has been followed in this matter by Kolliker. In the Babbit 
also Kolliker finds the cylinders to be solid. 


The embryonic hepatic network gives rise to the parenchyma of the 
adult liver, with which in its general 


arrangement it closely agrees. The 
blood -channels are at first very large, 
and have a very irregular arrange- 
ment; and it is not till compara- 
tively late that the hepatic lobules 
with their characteristic vascular 
stractures become established. 

The biliary ducts are formed 
either from some of the primitive 
hepatic cylinders, or, as would seem 
to be the case in Elasinobranchii 
and Birds (fig. 422), from the larger 
diverticula of the two primitive out- 
growths. 

The gall-bladder is so inconstant, 
and the arrangement of the ducts 
opening into the intestine so varia- 
ble, that no general statements can 
be made about them. In Elasmo- 
branchii the primitive median di- 
verticulum (fig, 421) gives rise to 



Fig. 422. Diagram of the diges- 
tive TRACT OF A ChICK DPOK THE 
FOURTH DAY. (After G5tte ) 

The black line indicates the hypo- 
blast. The shaded part around it is 
the splanchnic mesoblast. 

Ig. lung; $U stomach; p. pancreas; 
L liver. 

the ductus choledochus. Its 


anterior end dilates to form a gall-bladder. 

In the Rabbit a ductus choledochus is formed by a diverticulum 


from the intestine at the point of insertion of the two primitive 
lobes. The gall-bladder arises as a diverticulum of the right primitive 
lobe. 


The liver is relatively very large during embryonic life and has, 
no doubt, important functions in connection with the circulation. 

!!II^6 pancreas* So far as is known the development of the pan- 
creas takes place on a very constant type throughout the series of 
craniate Vertebrata, though absent in some of the Teleostean fishes 
and Cyclostomata, and very much reduced in most Teleostei and in 
Petromyson. 

It arises nearly at the same time as the liver in the form of a 
hollow outgrowth from the dorsal side of the intestine nearly oppo- 
site but slightly behind the hepatic outgrowth (fig. 422, p). It soon 
assumes, in Elasmobranchii and Mammalia, somewhat the form of 
an inverted funnel, and from the expanded dorsal part of the funnel 
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there grow out numerous hollow diverticula into the passive splanch* 
nio mesoblast. 

As the ductules grow longer and become branched, vascular pro- 
cesses grow in between them, and the whole forms a compact glan- 
dular body in the mesentery on the dorsal side of the alimentary 
tract The funnel-shaped receptacle loses its original form, and elon- 
gating, assumes the character of a duct. 

From the above mode of development it is clear that the glan- 
dular cells of the pancreas are derived from the hypoblast. 

Into the origin of the varying arrangements of the pancreatic 
ducts it is not possible to enter in detail. In some cases, e.g. the 
Rabbit (Kolliker), the two lobes and ducts arise from a division of 
the primitive gland and duct. In other cases, e.g, the* Bird, a 
second diverticulum springs from the alimentary tract. In a large 
number of instances the primitive condition with a single duct is 
retained. 

Postanal section of the mesenteron. In the embryos of all tlie 
Chordata there is a section of the mesenteron placed behind the 
anus. This section invariably atrophies at a comparatively early 
period of embryonic life; but it is much better developed in the 
lower fi^rms than in the higher. At its posterior extremity it is pri- 
mitively continuous with the neural tube (fig. 420), as was first shewn 
by Kowalevsky. 

The canal connecting the neural and alimentary canals has 
already been described as the neurenteric canal, and represents the 
remains of the blastjpore. 

In the Tiinicata the section of the mesentevou, which in all probability 

corresponds to the })Ostaual gut of the 
Vertehrata, is that immediately following 
the dilated portion which gives rise to the 
branchial cavity and permanent intestine. 
It has already been shewn that from the 
dorsal and lateral ))ortioiiK of this section 
of the primitive alimentary tract the noto- 
chord and muscles of the Ascidian tadpole 
are derived. The remaining part of its 
walls forms a solid coni of cells (fig. 423, 
aV)y which either atrophies, or, according 
to Kowalevsky, gives rise to blood-vessels. 

In Ampbioxns the postanal gut, though 
distinctly developed, is not very long, and 
atrophies at a comparatively early |>ono(i 
In Elasmohranchii this section of the 
alimentary tract is very well developed, 
and persists for a cousidentble period of 
embryonic life. The following is a history of its development in the germs 
S<7llittm. 

Shortly after the stage when the anus has become marked out by the 
alimentary tract sending down a papilliform pn cess towards the skin, the 
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Fig. 423 . Tbansvebsk optical 

SBCTION OF THE TAIL OF AN EM 
BBYO OP PhaLLTTBIA MAXMILLATA. 

(After Kowalevsky.) 

The eection is from an embryo 
of the same age as 6g. 8 iv. 

ch. notochord; n.c, neural 
canal; mf. mesoblasi; aV, hypo- 
blast of tail. 
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postanal gut begins to develop a terminal dilatation or vesicle, connected 
with the remainder of the canal by a narrower stalk. 

The walls both of the vesicle and stalk are formed of a fairly columnar 
epithelium. The vesicle communicates in front by a narrow passage with 
the neural canal, and behind is continued into two horns corresponding 
with the two caudal swellings previously spoken of (p. 45). Where the 
canal is continued into these two horns, its walls lose their distinctness 
of outline, and become continuous with the adjacent mesoblast. 

In the succeeding stages, as the tail grows longer and longer, the post- 
anal section of the alimentary tract grows with it, without however under- 
going alteration in any of its essential characters. At the period of the 
maximum development, it has a length of about | of that of the whole 
alimentary tract. 

Its features at a stage shortly before the external gills have become 
prominent are illustrated by a series of transverse sections through the 
tail (tig. 424). The four sec- 


tions have been selected for 
illustration out of a fairly- 
complete series of about one 
hundred and twenty. 

Posteriorly (A) there is 
present a teiminal vesicle 
\alv) *25 mill, in diameter, 
which coinmunicates doi*sally 
by a narrow opening with 




the neural canal (nc); to 
this is attached a stalk in 
the form of a tube, also lined 
by columnar epithelium, and 
extending through about 
thirty sections (B at). Its 
average diameter is about 
*084 mm., and its walls are 
very thick. Overlying its 
front end is the subnoto- 
cliordal rml (ar), but this does 



not extend as far back as the 


terminal vesicle. 


Flo. 424. Four sections through the pobt- 


Tlie thick-walled stalk of 
the vesicle is connected witli 
the cloacal section of the ali- 
mentary tract by a very nar- 
row thin-walled tube (C al). 
This for the most part has a 
fairly uniform calibre, and a 
diameter of not more than 


ANAU PART OF THE TAIL OF AN EMBRYO OF THE SAME 
AOE AS FIO. 28 F. 

A is the posterior section, 
lie. nepral canal; al. post-anal gut; alv. caudal 
vesicle of post-anal gut ; x. subuotochord rod ; mp. 
muscle-plate ; ch. notochord ; cl. al. cloaca ; ao. 
aorta ; v. can. caudal vein. 

(»35 mm. Its walls are formed of flattened 


epithelial cells. At a point not far fi*om the cloaca it becomes smaller, 
and its diameter falls to 03 mm. In front of this point it mpidly dilates 
again, and, after becoming fairly wide, opens on the dorsal side of the 
oloaoal section of the alimentary canal just behind the anus (D ai). 

Very shortly after the stage to which the above figures belong, at a 
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prwt a little behind the anus, where the postanal section of the oaaid 
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Fio. 425. Diagrammatic longitudinal section through the posterior end 

OF AN EMBRYO BiRD AT THE TIME OF THE FORMATION OF THE AlLANTOIS. 

ep, epiblast; Sp.e, spinal canal; cK notochord; ti.p. neurenteric canal ; ky, hypo- 
blast; p.a»g, postanal gut; pr, remains of primitive streak folded in on the ventral 
side; aL allantois; me. splanchnic mesoblast; an. point where anus will be formed; 
px. perivisceral cavity; am. amnion; so. somatopleure; »p. splancbnopleure. 

was thinnest in the pi*eviou8 stage, it becomes solid, and a rupture here 
occurs in it at a slightly later j»eriod. 

The atrophy of this part of the alimentary tract having once commenced 
proceeds rapidly. The jiosterior part first becomes reduced to a small 
rudiment near the end of the tail. There is no longer a tenninal vesicle, 
nor a neurenteric canal. The portion of the postanal section of the 
alimentaiy tract, just behind the cloaca, is for a short time represented 
by a small rudiment of the dilated part which at an earlier {leric^ ojiened 
into the cloaca. 

In Teleostei the vesicle at the end of the tail, discovered by Kupffer, 
(fig. 34, hyis) is ])rol>ably the equivalent of the vesicle at the end of the 
postanal gut in Elasmobranchii. 

In Petromyzon and in Amphibia there is a welbdevelo|)ed postanal 
gut connected with a neurenteric canal which gradually atrophies. It is 
shewn in the embiyo of Bombinator in fig. 420. 

Amongst the amniotic Vertebrata the postanal gut is less developed 
than in the Ichthyopsida. A neurenteric canal is present fur a short 
period in various Birds (Gasser, etc.) and in the Lizard, but disappears 
veiy early. There is however, as has been pointed out by Kdlliker, a well 
marked postanal gut coutinut^ as a narrow tul>e from behind the cloaca 
into the tail both in the Bird (fig. 425, p,a.g,) and Mammals (the Babbit), 
but especially in the latter. It atrophies early us in lower forms. 

The morphological significance of the |)OBtanal gut and of the neuron- 
teric canal has already b^n spoken of in Chapter xii., p. 267. 

The Stomodamm, 

The anterior section of the permanent alimentary tract is formed 
by an invagination of epiblast, constituting a more or less consider- 
able pit, with its inner wall in contact with the blind anterior 
extremity of the alimentary tract. 
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In Ascidians this pit is placed on the dorsal surface (fig. 9, o), and 
becomes the permanent oral cavity of these forms. In the larva of 
Amphioxus it is stated to be formed unsymmetrically {jjide p. 5), but 
furtner observations on its development are required. 

* In the true Vertebrata it is always formed on the ventral surface 
of the head, immediately behind the level of the fore-brain (fig. 426), 
and is deeper in Fetromyzon (fig. 416, m) than in any other known 
form. 


From the primary buccal cavity or stomodaeum there grows out 
the pituitary pit (fig. 426, the de- 
velopment of which has already been 
described (p. 358). 

The wall separating the stomodaeum 
from the mesenteron always becomes 

perforated, usually at an early stage of ^ 

development, and though in Fetromyzon 1 

the boundary between the two cavities I 

remains indicated by the velum, yet in M 

the higher Vertebrata all trace of this •• 

boundary is lost, and the original limits ' ▼ 

of the primitive buccal cavity become 
obliterated; while a secondary buccal 

cavity, partly lined by hypoblaat and Fio. 426 . Lonoitvdinal bkc- 
partly by epiblast, becomes established. tion through the brain of a 

Tjiis cavity, apart from the organs Pribttorus embryo. 

which belong to it, presents important 

variations in structure. In most risces gland; in, infundibulum; pt. 
it retains a fairly simple character, but ingrowth from mouth to form 
m the Dipaoi ite outer Wdep becomes “‘S.bffi , S :Si 

extended so as to enclose the ventral chord; a;. aUmentary tract ; loa. 
opening of the nasal sack, which thence- artery of mandibular arch, 
forward constitutes the posterior nares. 

In Amphibia and Amniota the posterior nares also open well 
within the boundary of the buccal cavity. 

In the Amniota further important changes take place. 

In the first place a plate grows inwards from each of the supe- 
rior maxillary processes (fig. 427, p), and the two plates, meeting in 
the middle line, form a horizontal septum dividing the front part of 
the primitive buccal cavity into a dorsal respiratory section (n), 
containing the opening of the posterior nares, and a ventral cavity, 
forming the permanent mouth. The two divisions thus formed open 
into a common cavity behind. The horizontal septum, on the de- 
velopment within it of an osseous plate, constitutes the hard palate. 

An intemasal septum (fig- 427, e) may more or less completely 
divide the dorsal cavity into two canals, continuous respectively 

with the two nasal cavities. • i 

In Mammalia a posterior prolongation of the palale, in which an 
osseous plate is not formed, constitutes the soft palate. 


Fio. 426. Longitudinal bsc> 

TION THROUGH THE BRAIN OF A 
YOUNG PrIBTIURUB EMBRYO. 

cer, unpaired rudiment of the 
cerebral hemispheres ; pn, pineal 
gland; In, infundibulum; pt. 
ingrowth from mouth to form 
the pituitary body; mb, mid- 
brain ; eh. cerebellum ; cK noto- 
chord; al, alimentary tract ; Joa. 
artery of mandibular arch. 
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The second change in the Anmiota^ which also takes place iu 
some Amphibia, is caused by the section of the mesenteron into 

which the branchial pouches open, be- 
coming, on the atrophy of these struc- 
tures, converted into the posterior part 
of the buccal cavity. 

The organs derived from the buccal 
cavity are the tongue, the various sali- 
vary glands, and the teeth ; but the lat- 
ter alone will engage our attention here. 

The teeth. The teeth are to be 
regarded as a special product of the 
oral mucous membrane. It has been 
shewn by Gegenbaur and Hertwig that 
in their mode of development they es- 
sentially resemble the placoid scales of 
Elasraobranchii, and that the latter 
structures extend in Elasmobrauchii 
for a certaiTi distance into the cavity of 
the mouth. 

As pointed out by Gegenbaur, the teeth are therefore to be 
regarded as more or less specialised placoid scales, whose presence in 
the mouth is to be explained by the fact that the latter structure is 
lined by an invagination of the epidermis. The most important 
developmental point of diflerence between te.eth and placoid .scales 
consists in the fact, that in the case of the foniKjr there is a special 
ingrowth of eyiiblast to meet a connective tissue papilla which is not 
found in the latter. 

Although the teeth are to be regarded as primitively epiblastic struc- 
tures, they are nevertheless found in Teleost(d and Ganradei on the hyoid 
and bi-anchial arches ; and v<»ry possibly tlie teeth on some other parts of 
the mouth ai-e develo])ed in a true hyj>oblastic l egion. 

The teeth are formed from two distinct organs, viz. an ejathelial cap 
and a connective tissue papilla. 

Tlie general mode of tlevelopinent, oh has l»een moi'e especially shewn 
by the extended r<*searches of Tomes, is practically the same for all Verte- 
hr<ita, and it will be convenient to de8cril>e it as it takes place in Maui> 
inalia. 

Along the line where the teeth are about to develop, thei’e is formed 
an epithelial ridge projecting into the subjacent connective tissue, and 
derived from the innermost columnar lajer of tlie oral epithelium. At 
the [)oint8 where a tooth is about to be formed this ridge underuoes special 
changes. It becomes in the first place fjomewliat thickened by the develop- 
ment of a uuinlier of rounded cells in its interior; so that it becomes 
constituted of (l)an external layer of columnar cells, and (2) a central 
core of round^xl cells; Imth of an epithelial natun*. In the second place 
the organ gradually assumes a dome-shaped form (fi^;. i28, e), and covers 
over a papilla of the siibepithelial connective tissue (p) which has in the 
meantime l>een de 



Fio. 427 Diaobam bhewino 

THE DIVlBlOxi OF THE PRIMITIVE 
BUCCAL CAVITY INTO THE RESPI- 
RATORY SECTION ABOVE AND THE 
iBCE MOUTH BELOW. (From (tC- 
genbaur.) 

p. palatine plate of superior 
maxillary process ; m. permanent 
mouth ; «. posterior part of nasal 
passage; e. intemasal .septuiii. 
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From the above epithelial structure, which may be called the enamel 
organ, and from the papilla it covers, which may be spoken of as the 
dental papilla, the whole tooth is developed. After these parts have 
become established there is formed round the rudiment of each tooth a 
s(^cial connective tissue capsule ; known as the dental capsule. 

Before the dental capsule has become definitely formed the enamel 
organ and the dental papilla undergo importaut changes. The rounded 
epithelial cells forming the core of the 
enamel organ undergo a peculiar transfor- 
mation into a tissue closely resembling or- 
dinary embryonic connective tissue, while 
at the same time the epithelium adjoining 
the dental papilla and covering the inner 
surface of the enamel organ, acquires a some- 
what different striictui’e to the epithelium 
ou the outer side of the organ. Its cells 
V>ecome very markedly colurnnar, and form 
a very regular cylindrical epithelium. This 
layer alone is concerned in forming the 
enamel. The cells of the <mter epithelial 
layer of the enamel organ become somewhat 
flattened, and the surface of the layer is 
raised into a series of short pfipillap which 
project into the highly vascular tissue of 
the dental sheath. Between the epithelium 
of the enamel organ and the adjoining con- 
nective tissue there is everywhere present 
a delicate membrane known as the mem- Diagram shewing 



braiia prieformativa. 

The dental papilla is formed of a highly 
vascular core and a non-vascular superficial 
layer adjoining the inner epithelium of the 


THE DEVELOPMENT OF THE TEETH. 

(From Gegenbaur.) 

p. dental papilla; e, enamel 
organ. 


enamel organ. The cells of the superficial layer are arranged so as almost 


to resemble an epithelium. 


The first formation of the hard structures of the tooth commences at 


the apex of the dental papilla. A calcification of the outermost layer of 
the papilla sets in, and i*esults in the formation of a thin layer of dentine. 
Nearly siimiltaneously a thin layer of enamel is de|>osited over this, 
from the inner epithelial layer of the enamel organ (fig. 428). Both 
enamel and dentine continue to be deposited till the crown of the tooth 
has reached its final form, and in the course of this process the enamel 
organ is reduced to a thin layer, and the whole of the outer layer of the 
dental papilla is transformed into dentine — wdiile the inner portion remains 
Hs the pulp. 

The root of the tooth is formed later than the crown, but the enamel 
organ is not prolonged over this part, so that it is only formed of dentine. 

By the formation of the root the crown of the tooth becomes pushed 
outwards, and bi*eaking through its sack projects freely on the surface. 

The part of the sack which surrounds the root of the tooth gives rise 
to the oemeut, and becomes itself converted into the periosteum of tlie 
dental alveolus. 

The general de\elopraent of the enamel organs and dental papillie is 
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shewn in the dbgimi (fig. 428). From the epithelial ridge three enamel 
orgaxis are represented as being devebped. Such an arrangemmit maj 
occur when teeth are successively replaced. The lowest a^ youngest 
enamel organ (e) has assumed a cap-like form enveloping a dental papillSy 
but no calmfication has yet taken place. • 

In the next stage a cap of dentine has become formed, while in the 
still older tooth this has become covered by a layer of enamel As may be 
gathered from this diagram, the primitive epithelial ridge from which the 
enamel organ is formed is not necessarily absorbed on the formation of a 
tooth, but is capable of giving rise to fresh ensmel organa When the 
enamel organ h^ reached a certain stage of development^ its connection 
with the epithelial ridge is ruptured (fig. 428). 

The arrangement represented in fig. 428, in which successive enamel 
organs are formed from the same epithelial ridge, is found in most Yerte- 
brata except the Teleostei. In the Teleostei, however (Tomes), a fresh 
enamel organ grows inwards from the epithelium for each successively 
formed tooth. 

The Proctodosum. 

In all Vertebrata the cloacal section of the alimentary tract 
which receives the urinogenital ducts is placed in communication 
with the exterior by means of an epiblastic invagination, constituting 
a proctodseum. 

This invagination is not usually very deep, and in most instances 
the boundaiy wall between it and the hypoblastic cloaca is not 
perforated till considerably after the perforation of the stomodmum ; 
in Petrorayzon, however, its perforation is effected before the mouth 
and pharynx are placed in communication. 

The mode of formation of the pr<x;b)dajum, which is in general 
extremely simple, is illustrated by fig. 420 an. 

In most forms the original boundary between the epiblast of 
the proctodajura and the hypoblast of the primitive cloaca becomes 
obliterated after the two have become placed in free communication. 



FlO. 429. DuCBAMX 4T1C LONOItUUlVAL BECTIOS TSJiOCaH THE JPOSTSBIOB tSD 
OF AM XMBSYO BlSU AT TBS ZXlfS OF TBS FOBBATIOK OF THB AlLABTOIS. 

ep, epililMit; 8px. oanal; ch, notochord; «.«. neurenterie osnsl; hy, hypo- 
bMt; pM.g, postansl gut; pr. remains of primitive streak folded in on the ventral 
iw; dlantois; me. mesoblast; an. point where anus will be forined; p.e, peri- 
visosfal eariij; am. amnkm ; eo. Bomak^eore ; tp. ftplaucbnoplenre. 
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In Birds tbe formation of the proctodseum is somewhat more compli- 
cated than in other types, owing to the outgrowth firom it of the bursa 
FabriciL 

The proctodasum first appears when the folding off of the tail end of 
idle embryo commences (fig. 429, an) and is placed near the front (originally 
the apparent hind) end of the piimitiTe streak. Its position marks out 
the front border of the postanal section of the gut. 

The bursa Fabricii first appears on the seventh day (in the chick), as a 
dorsal outgrowth of the proct^aeum. The actual perforation of the sep- 
turn between the proctodaeum and the cloacal section of the alimentary tract 
is not effected till about the fifteenth day of foetal life, and the approxi- 
mation of the epithelial layers of the two organs, preparatory to their 
absorption, is partly effected by the tunneling of the mesoblastic tissue 
between them by numerous spaces. 

The hypoblastic section of the cloaca of birds, which receives the open* 
ings of the urinogenital ducts, is permanently marked off by a fold from 
the epiblastic section or true proctodaeum, with which the bursa Fabricii 
communicates. 
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Abdominal muscles, 557 
Abdominal pore, 514, 616 
Acipenser, development of, 84; affinities 
of, 98 ; comparison of gastrula of, 233 ; 
j:^ricardiai cavity of, 515 
Actinotrocha, 307 

Air-bladder of Teleostei, 63 ; Leindosteus, 
97; blood supply of, 530; general ac- 
count of, 627 ; homologies of, 630 
Alciope, eye of, 394 
Alisphenoid region of nkull, 409 
Alimentary canal and appendages, deve- 
lopment of, 620 

Alimentary tract of Ascidia, 15; Molgula, 
18; Pyrosoma, 20; Salpa, 26; Elasmo- 
brancbii,43; Teleostei, 60; Peiromyzon, 
77, 79; Acipenser, 91; Amphibia, 107, 
112 ; Chick, 139 ; respiratory region of, 
623 ; temporary closure of msophageal 
region of, 624 

Allantoi8,developmoiit of in Chick, 159, 164 ; 
blood-vessels of in Chick, 160 ; Lacerta, 
170, 173 ; early development of iu Rabbit, 
190, of Guinea-pig, 220 ; origin of, 257. 
See also * Placenta * and ‘ Bladder.* 
Alternation of generations in Ascidians, 
origin of, 29; in Botryllus, 29; Pyro- 
Boma, 30; Salpa, 30; Doliolum, 30 
Alytes, branohied chamber of, 112 ; yolk- 
sack of, 115 ; branchiffi, 116 ; Mullerian 
duct of, 585 

Am bly stoma, ovum of, 99 ; lar^'a of, 117, 
118 

Amia, ribs of, 463 

Ammocoates, 78 ; metamorphosis of, 81 ; 
eye of, 409 

Amnion, early development of in Chick, 
154; later nisioxy of in Chick, 163; 
Laoerta, 169, 178; Rabbit. 190; origin 
of, S55, 357 

Amphibia, development of, 99 ; viviparous, 
100; gastmla of, 381; suctorial mouth 
of, 363; cerebdlum of, 850; infundi- 
bulum of^ 855 ; pineal gland of, 857 ; 
oerebrum of, 861 ; olfactory lobes of, 
866; naxes of, 489; notochord and its 
sheath 453 ; vertebral column of, 456 ; 


ribs of, 463 ; branchial arches of, 473 ; 
mandibular and hyoid arches of, 479 ; 
columella of, 479; pectoral girdle of, 
496; pelvic girdle of, 498; limbs of, 
509 ; heart of, 625 ; arterial system of, 
631 ; venous system of, 638 ; excretory 
system of, 582 ; vasa efferentia of, 586 ; 
liver of, 632 ; postanal gut of, 636 ; 
stomoda9um of, 639 
Amphiblastula larva of Porifera, 285 
Amphioxus, development of, 1; gastrula 
of, 229 ; formation of mesoblast of, 243 ; 
development of notochord of, 243 ; head 
of, 260; spinal nerves of, 380; ol- 
factory organ of, 438 ; venous system of, 
635; transverse abdominal mujwle of, 
555 ; generative cells of, 615 ; liver of, 
632 ; postanal gut of, 634 ; stomodseum 
of, 639 

Amphistylic skulls, 476 
An^lar bone, 488 
Anterior abdominal vein, 537 
Anura, development of, 100 ; epiblast of, 
103 ; mesoblast of, 105 ; notochord of, 
105 ; hypoblast of, 107 ; general growth 
of embryo of, 108 ; larva of. 111 ; ver- 
tebral column of, 4^ ; mandibular arch 
of, 481 

Anus of Amphioxus, 6 ; Ascidia, 15 ; Py- 
rosoma, 23 ; Salpa, 26 ; Elasmobranohii, 
47 ; Amphibia, 108, 109 ; Chick, 139 ; 
primitive, 268 

Appendioolaria, development of, 28 
Aqueductus vestibuli, 427 
Aqueous humour, 409 
Arachnida, nervous system of, 837; eye 
of, 396 

Area, embryonic, of rabbit, 180 ; epiblast 
of, 181 ; origin of embiyo ftom, 188 
area opaca of Chick, 124 ; epiblast, hypo- 
blast, and mesoblast of, 132 
area pellucida of Chick, 124 ; of Lacerta, 

area vasoulosa of Chick, 161 ; xnesoblaBi 
of, 138 ; of Lizard, 178 ; 188, 

190 

Arteria centralis retinse, 414 
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Arterial system of Petromyzon, 80 ; con* 
stitution of in embryo, 529 ; of Fishes, 
580; of Amphibia, 581; of Amniota, 
532 

Arthropoda, head of, 260; nervous system 
of, 387 ; eye of, 895 ; excretory organs 
of, 667 

Articular bone of Teleostei, 478 ; of Sau- 
ropsida, 484 

Ascidia, development of, 8 
Asoidians. Set * Tonicata ' 

Asoidiozooids, 21 

Atrial cavity of Amphioxns, 6 ; Ascidia, 
15 ; Fyrosoma, 20 

Atrial pore of Amphioxns, 6 ; Ascidia, 17 ; 

P^Boma, 23 ; Salpa, 27 
Auditory capsules, ossifications in, 489, 
490 

Auditory involution of Elasmobranchii, 
47 ; Teleostei, 69 ; Petromyzon, 73, 76 ; 
Acipenser, 87; Lepidosteus, 94; Am- 
phibia, 105 ; Chick, 141 
Auditory nerve, development of, 377 
Auditmy organs, of Ascidia, 13 ; of Salpa, 
26 ; of Ammoccetes, 80 ; Gauoidei, 89, 
94 ; of Amphibia, 105 ; of Aves, 141 ; 
genetid development of, 422 ; of aquatic 
forms, 422; of land forms, 423; of 
Coelenterata, 423 ; of Mollusca, 424 ; of 
Crustacea, 425; of Yertebrata, 425; of 
Cyclostomata, 73, 76, 426 ; of Teleostei, 
Lepidosteus and Amphibia, 426; of 
Mammalia, 427 ; accessory structures of, 
435 ; of Tunicata, 436 
Auricido-ventrieular valves, 528 
Autostylic skulls, 476 
Aves, development of, 120 ; cerebellum of, 
351; midbrain of, 352; infundibulum 
of, 355 ; pineal gland of, 357 ; pituitary 
body of, 859 ; cerebrum of, 361 ; ol- 
factory lobes of, 366 ; spinal nerves of, 
374 ; cranial nerves of, 874 ; vagus of, 
377 ; glossopharyngeal of, 377 ; verte- 
bral oolunm of, 459 ; ossification of 
vertebral column of, 460; branchial 
arches of, 472, 473 ; j^toral girdle of, 
495; pelvic girdle of, 499; heart of, 
523; arterial system of, 532; venous 
system of, 541 ; muscle-plates of, 552 ; 
- excretory organs of, 588 ; mesonephros 
of, 589 ; pronephros of^ 591 ; MiUferian 
duct of, 591, 593 ; nature of ^none- 
phros of, 594 ; connection of MttUerian 
duct with 'Wolffian in, 594 ; kidney of, 
595 ; lungs of, 629 ; liver of, 682 ; post- 
anal gut of; 636 

Axolotl, 117, 118 ; ovum of, 99 ; mid- 
brain of, 352 ; mandibular aieh of, 479 

Basilar membrane, 432 
Basilar plate, 466 
Basipte^gium, 502 
Baaiapbenoid region of skull, 469 
Bllatm symmetry, origin of, 308--310 


Bile duct, 633 

Bladder, Amphibia, 108; of Amniota, 598 
Blastodermic vesicle, of Babbit, first 
development of, 179; of 7th day, 163; 
Guinea-pig, 219 ; meaning of, 242 
Blastoderm of Pyrosoma, 20; Blasmo^ 
branchii, 34; Chick, 124; Laoerta, 167 
Blastopore, of Amphioxus, 2; of Ascidia, 
9; Elasmobranchii, 35, 44, 51; Petro- 
myzon, 71; Acipenser, 86; Amphibia, 
103, 108; Chick, 127; Babbit, 178; 
true Mammalian, 187 ; comparative 
history of closure of, 236, 240; sum- 
mary of fate of, 281; rdation of to 
primitive anus, 268 
Blood-vessels, development of, 520 
Body cavity, of Ascidia, 18; Molgula, 18; 
S^pa, 26; ElasmobrancMi, 39; of Te- 
leoBtei, 60; Petromyzon, 77; Chick, 
140; development of in Chordata, 269 ; 
views on origin of, 294—297, 810; of 
Invertebrata, 512; of Chordata, 513; of 
head, 557 

Bombinator, branchial chamber of, 112 ; 

vertebral column of, 458 
Bonellia, excretory organs of, 567 
Bones, origin of cartilage bones, 447; 
origin of membrane bones, 447 ; develop- 
ment of, 448; homologies of membrane 
bones, 487; homologies of cartilage 
bones, 489 

Brachiopoda, excretoiy organs of, 563; 

generative ducts of, 617 
Brain, of Ascidia, 10, 18; Elasmobran- 
chii, 46, 48, 49; Teleostei, 62; Petro- 
myzon, 73," 76; Acipenser, 87; Lejn- 
dosteuB, 93; early development of in 
Chick, 141; flexure of in Chick, 145; 
later development of in Chick, 146; 
Babbit, 190; general account of deve- 
lopment of, 345; flexure of, 846; histo- 
geny of, 347 

Branchial arches, pr»oral, 470; disap- 
pearance of posterior, 472 ; dental plates 
of in Teleostei, 473; relation of to 
bead cavities, 471 : see ‘Visceral arches' 
Branchial chamber of Amphibia, 112 
Branchial clefts, of Amphioxus, 6; of 
Ascidia, 15, 17; Molgula, 19; S^pa, 
27; of Elasmobranchii, 47, 48, 49, 50; 
Teleostei, 62; Petromyzon, 74, 79; Aci- 
penser, 87; Lepidosteus, 94, 96; Am- 
phibia, 109, 110; Chick, 147; Babbit, 
191; praDoral, 259, 265; of Inverte* 
brata, 270; origin of, 270 
Branchial rays, 478 

Branchial slmleton, development of, 471, 
486; ofPetromyzon, 79, 259,471; of ]^« 
thyopeida, 472; dental plates of in Tele- 
ostei, 478; relation of to head cavities, 
471 

Branohic, external of Elasmobraindiii, 50, 
51; of Teleostei, 62; Acipenser, 88; 
Amphibia, 105, 110, 112 
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Bn>od«poiicli, of SaTpa, 24; Teleostei, 55; 
Amphibia, 100 

Brown tubes of Gephyrea, 566 
Bulbus arteriosns, of Fishes, 524; Am* 
* phibia, 525 
Bursa Fabricii, 139, 641 

Ganalis aurioularis, 525 
Ganalis reuniens, 429 
CapitellidsB, excretory organs of, 563 
Carcharias, placenta of, 54 
CarcUniJ vein, 536 
Carnivora, placenta of, 207 
Carpus, development of, 509 
Cartilage bones of skull, 489; homologies 
of, 489 

Cat, placenta of, 207 

Caudial swellings of Elasmobrancbii, 38, 
45; Teleostei, 58; Chick, 135, 141 
CephiUio plate of Elasmobrancbii, 45 
Cephalochorda, development of, 1 
Cephalopoda, eyes of, 3^9 — 393 
Cerebellum, Petromyzon, 76; Chick, 146; 
general account of development of, 349, 
350 

Cerebrum of Petromyzon, 76, 81; Chick, 
145; general development of, 353, 360; 
transverse fissure of, 364 
Cestoda, excretory organs of, 561 
Cetacea, placenta, 212 
ChsBtognatha, nervous system of, 289; 
eye of, 394; generative organs of, 612; 
generative ducts of, 616 
Chntopoda, head of, 260; eyes of, 394; 
excretory organs of, 563; generative 
organs of, 612 ; generative ducts of, 617 
ChaiybdsBa, eye of, 3S8 
Cheiroptera, placenta of, 202 
Cheiropterygium, 508; relation of to ich* 
thyopterygium, 510 

Chelonia, development of, 174; pectoral 
girdle of, 495 ; arterial system of, 533 
Chick, development of, 120; general growth 
of embryo of, 141 ; rotation of embryo 
of, 143; foetal membranes of, 154; 
epiblast of, 124, 13S; optic nerve and 
choroid fissure of, 411 
Chilognatha, eye of, 395 
Chilopoda, eye of, 895 
Chimaera, lateral line of, 444; vertebral 
column of, 452; nares of, 439 
ChiromantiB, oviposition of, 100 
Chorda tympani, development of, 378 
Chordata, ancestor of, 258; branchial 
system of, 259; evidence from Ammo* 
cosies, 259; head of; 260; mouth of, 
264 ; table of phylogeny of, 271 
Chorion, 197; viiU of, 197, 215 
Choroid coat, Ammocest^ 81; general 
account of, 401 

Choroid fissure, of Vertebrate eye, 400, 
406; of Ammooostee, 410; comparative 
development of, 411; of Chick, 412; 
of liaards, 418; of Elasmobrancbii, 


418; of Teleostei, 414; Amphibia, 414; 
Mammals, 414, 416 
Choroid gland, 265 
Choroid pigment, 403 
Choroid plexus, of fourth ventricle, 850; 
of third ventricle, 856; of lateral ven- 
tricle, 864 

Ciliated sack of Ascidia, 15; Pyrosoma, 
22; Salpa, 26 
Ciliary ganglion, 379 
Ciliary muscle, 403 

Ciliary processes, 402; comparative de- 
velopment of, 416 
Clavicle, 492 

Clitoris, development of, 599 
Clinoid ridge, 469 
Cloaca, 630 

Coccygeo-mesenteric vein, 545 
Cochlear canal, 427 

Coecilia, development of, 118; pronephros 
of, 582; mesonephros of, 584; Mul- 
lerian duct of, 585 

Coelenterata, larvie o^ 303 ; eyes of, 388 ; 
auditory organs of, 423; generative or- 
gans of, 610 

Columella auris, 436; of Amphibia, 479; 
of Sanropsida, 483 

Commissures, of spinal cord, 343; of 
brain, 355, 356, 361, 365 
Coni vasculosi, 597 

Conus arteriosus, of Fislies, 524; of Am- 
phibia, 525 
Coracoid bone, 492 

Cornea, of Ammoccetes, 81; general de- 
velopment of, 407; corpuscles of, 408; 
comparative development of, 411; of 
Mammals, 411 
Coronoid bone, 488 
Corpora geniculata interna, 353 
Corpora quadrigemina, 352 
Corpora striata, development of, 360 
Corpus callosum, development of, 365 
Corti, organ of, 430; structure of, 432; 

fibres of, 433 ; development of, 434 
Cranial fiexure, of Elasmobrancbii, 48, 
49; of Teleostei, 62; Petromyzon, 76, 
77 ; of Amphibia, 108, 109 ; Chick, 145 ; 
Kabbit, 191; characters of, 266; sig- 
nificance of, 267 

Cranial nerves, development of, 374; re- 
lation of to bead cavities, 379; anterior 
roots of, 380--382; view on position of 
roots of, 883 

Gi'ooodilia, arterial system of, 533 
Crura cerebri, 353 

Crustacea, nervous ^stem of, 338 ; of, 
396 ; auditory organs of, 425; generative 
ceUs of, 613 ; generative ducts of, 618 
Cupola, 432 

Cutaneous muscles, 557 
Cyathozooid, 21 

Oyolostomata, auditory organs of^ 426; 
olfactory organ of, 489 ; notochord and 
vertelnral c^umn of, 450, 453; abdo- 
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minal pores of, 516; segmental duet of, 
577; pronepliros of, 577; mesonephros 
of, 577; generatlYe ducts of, 603, 616; 
▼enous system o% SB5; exoretoiy organs 
of, 577 

C^stignathus, oviposition of, 100 

Baetylethra, branchial chamber of, 112; 

brandiiffi of, 112; tadpole of, 115 
Decidua redexa, of Kat, 200; of Insecti- 
Tora, 202; of Man, 208 
Deiter*s cells, 483 
Dental papUla, 641 
Dental capsule, 641 
Dentaiy l^ne, 488 
Dentine, 641 

Descemet's membrane, 408 
Diaphragm, 518; muscle of, 557 
Dipnoi, nares of, 440; vei^bral column 
of, 452; membrane bones of skull of, 
487; heart of, 525; arterial system of, 
530; excretory system of, 582; stomo- 
dieum of, 639 
Diptera, eye of, 395 
Discophora, excretoiy organs of, 567 
Dog, placenta of, 206 
Dohni, on relations of Cyclostoroata, 69 ; 

on ancestor of Chordata, 258, 264 
Doliolum, derelopment of, 23 
Ductus arteriosus, 533 
Ductus Botalli, 532 
Ductus Cmrieri, 537 
Ductus venosus Arantii, 547 
Dngong, heart of, 528 
Dysticus, eye of, 395 

Ear, §ee ‘Auditory organ ’ 

Echinodermata, sccondaiyr symmeiiy of 
larva of, 313; excretory organs of, 568; 
generative ducts of, 619 
Echinorhinus, lateral line of, 444; verte- 
bral column of, 452 
Eohiorus, excretory organs of, 566 
Ectostosis, 448 

Edentata, placenta of, 205, 207, 213 
Eel, generative ducts of, 580 
Egg-shdl of Elasmobrancbit, 33; Chick, 
121 

Blasmohranohii, development of, 33; vi- 
viparous, 83; general features of de- 
velopment of, 45 ; gastrula oi; 283 ; de- 
vekjnnent of mesoblast of, 244; noto. 
chora of, 244; meaning of formation of 
mesoblast of, 245; reform tracts of, 
350; opric lobes of, 852; cerebellum of, 
850; pineal gland of, 356; pituitary 
body of, 859; eerebrum of, 861; olfac- 
tory lobes of, 366; spinal nerves, 369; 
cranial nerves of, 376; lympathetic 
nervous system of, 384; nares of, 439; 
lateral Une of, 444 ; vertebral column of, 
458; ribs of, 462; paraehordals of, 467; 
mandibular and hyoid arches of, 474; peo- 
loral girdle of, 493; pelvic girdle of, 


498; limbs of, 500; pericardial cavi^ 
of, 515; arterial system of, 580 ; venous 
system of, 535; muscle-plates of, 551; 
excretory organs of, 669; oonstitution 
of excretory organs in adult of, 575; 
spermatozoa of, 615; swimming-bladder 
of, 628; intestines of, 681 ; liver of, 682; 
postanal gut of, 634 
Elteoblast of Pyrosoma, 23; Salpa, 25 
Elephant, placenta of, 207 
Embolic formation of gastrula, 276 
Enamel organ, 641 
Endolymph of ear, 430 
Endostosis, 448 

Endostyloof Ascidia, 15, 624 ; Pyrosoma, 
21 ; Salpa, 27 

Epiblast, of Elasmobranchii, 88; Teleostei, 
57, 60; Petromyzon, 71; Lepidostens, 
92; Amplubia, 101, 103; Chick, 124, 
138; Laceria, 168; Babbit, 179, 181; 
origiu of in Babbit, 184; comparative 
account of development of, 249 
Epibolic formation of gastrula, 277 
Epicbordal formation of vertebral column, 
458 

Epicrinm glutinosum, 118 
Epidermis, in Cadentcrata, 325 ; protective 
structures of, 325 
Epididymis, 697 
Epigastric vein, 537 
Eplskeletal muscles, 557 
Episternum, 494 
Epooplioron, 697 
Ethmoid bone, 490 
Ethmoid region of skull, 470 
Ethmopalatine ligament of Elasmo- 
branchs, 476 
Euphausia, eye of, 898 
Eustachian tube, of Amphibia, 111 ; Chick, 
149 ; Babbit, 192 ; general development 
of, 435 

Excretoiy organs, general constituikm of, 
561 ; of Platyelmintbes, 561 ; of Mol- 
lusca, 562 ; of I’olyzoa, 563 ; of Braohi- 
ojioda, 563; of Cluetopoda, 5<i3; of 
Gepbyrea, 566 ; of Discophora, 567 ; of 
Arthropoda, 567 ; of Kematoda, 568 ; of 
Echinodermata, 568 ; constitution of in 
Craniata, 568 ; of Elasmobranchii, 569; 
constitution of in adult Klasmobtandi, 
575 ; of Petromyzon, 577 ; of Myxine, 
578 ; of Teleostei, 578 ; of Ganoidel, 580 ; 
of Dipnoi, 582 ; of Amphibia, 582 ; of 
Amniota, 588 ; comparison of Vertebrate 
and Invertebrate, 607 
Excretory ifystem, of Elasmobranchii, 40; 
Teleostei, 68; Petromyzon, 78, 81; 
Aoipenser, 91 ; Amphibia, UO 
Exoocipital bone, 489 
Exoskeleton, dermal, 825—827; epider- 
mal, 325—328 

External generative organs, 599 

Extra-branchial skeletoii, 471 

Eye, of Ascidia, 14 ; Salpa, 26 ; Elasmo- 
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bniftohii, 46, 47, 48; TdMilei, 69; 
Petxomyzon, 76, 80; Ayes, 141 ; Babbit, 
190 ; general deyelopm^kli ef, 887 ; evo- 
Ittiioii otj 887, 888 ; 895 ; com- 

• tK>und, 896; aocmova, 896; pseudo- 
oonous, 896; of Zayertebrata, 888; of 
Vertebrata, 896; oomparatiye deyelop- 
ment of Vertilirate, 409 ; of AmmoooBt^ 
409 ; of Tuiieata, 418 ; of Chordata, 
general ^ws on, 419 ; accessory eyes 
of Pittas 490 ; muscles of, 558 
Sjwlida, development of, 416 

Faldform ligament, 623 
Falx cerebri, 861 

Fasciculi teretes, of Elasmobrandiii, 850 
Feathers, development of, 327 
Fenestra rotunda and ovalis, 436 
Fertilization, of Amphiozus, 2 ; of Uro- 
chorda, 8 ; Salpa, 24 ; Elasmobranchii, 
88 ; of Teleostei, 55 ; Petromyzon, 69 ; 
Amphibia, 99 ; Chick, 121 ; Beptilia, 
167 ; meaning of, 274 
Fifth nerve, development of, 378 
Fifth ventricle, 365 

Fins, of Elasmobranchii, 51 ; Teleostei, 
63; Petromyzon, 77, 78 ; Aoipenser, 89 ; 
Lepidosteus, 97 ; relation of paired to 
unpaired, ^1, 503; development of 
pelvic, 504; development of pectoral, 
504 ; views on nature of paired fins, 506 
Fissures of spinal cord, 844 
Festal development, 297 ; secondary varia- 
tions in, 298 
Foot, 508 

Foramen of Munro, 354, 360 
Foramen ovale, 528 

Forebrain, of Elasmobranchii, 46, 48, 49 ; 
Petromyzon, 76; general development 
of, 858 

Formative cells, of Chick, 124 
Fornix, development of, 365 
Fornix of Gottsche, 852 
Fourth nerve, 882 
Frontals, 487 

Fronto-nasal process, of Chick, 149 

Oaertner's canals, 597 
OaU-bladder, 683 

Ganoidei, d^elopment of, 84; relations 
of, 98; nares of, 440; notochord of, 
450; vertebral column of, 450, 456; 
ribs of, 462 ; pelvic girdle of, 498 ; arte- 
rial i^stem of, 580; excretory organs 
of, 500 ; generative ducts of, 605 
Gastropoda, eye of, 889 
Gastrula, of Amphioxus, 2; of Asoidia, 9; 
Elasmobranchii, 85, 86; Petromyzon, 
70; Adpenser, 85; Amphibia, 102; 
comparative development of, in Inyer- 
tebrata,229; comparison of Mammalian, 
242; {djylogenetio meaning of, 275; 
ontog^ of (general), 276 ; phylogeny 
of, 280—285; seoondaiy %ype» of, 282 


Geckos, vertebral column of, 459 
Generative edls, devdopment of, 610; 
origin of in Coelenterata, 610; Of In- 
vertebrata, 612 ; of Vertebrata, 614 
Generative ducts, of Teleostei, 580, 605; 
of Ganoids, 580; of Cyclostomata, 608 ; 
origin of^ 604; of Lepidosteus, 605, 
617; development and evolution cd, 
616 ; of Coslenterata, 616 ; of Sagltta, 
616; of Tunicata, 616; Chietopoda, 
Gephyrea, etc., 617 ; of MoUusca, 618 ; 
of Discophora, 618 ; of Echinodermata, 
619 

Generative system of Elasmobranchii, 42 
Gephyrea, nervous system of, 840; excre- 
tory organa of, 566 ; generative cells of, 
612 ; generative ducts of^ 617 
Germind disc, of Elasmobranchii, 33; 

Teleostei, 55 ; Chick, 122 
Germinal epithelium, 614 
Germinal layers, summary of organs de- 
rived from, in Vertebrata, 252; his- 
torical account of views of, 275 ; homo- 
logies of in the Metazoa, 285 
Germinal wall of Chick, 126, 182 ; struc- 
ture and changes of, 133 
Geryonia, auditory organ of, 424 
Gill of Salpa, 26 
Glraldes, organ of, 598 
Glands, epidermic, development of^ 328 
Glomerulus, external, of Chick, 590 
Glossopharyngeal nerve, development of, 
375, 376 

Grey matter of spinal cord, 343; of brain, 
348 

Growth in length of Vertebrate embryo, 
254 

Guinea-pig, primitive streak of, 186 ; noto- 
chord of, 187 ; placenta of, 201 ; deve- 
lopment of, 218 
Gymnophiona, $ee *C<scilia* 

Habenula perforata, 432 
Hairs, development of, 328 
Halicbierus, placenta of, 207 
Hand, 508 

Head, comparative account of, 260 ; seg- 
mentation of, 261 

Head cavities, of Elasmobranojdi, 41 » 
Petromyzon, 74, 79 ; Amphibia, 105 ; 
general development of, 558 
Head-fold of Chick, 130, 139 
Head-kidney, see ^^onephros’ 

Heart, of Pyrosoma, 21 ; Elasmobranchii, 
42, 48; Petromyzon, 77, 80; Acipen- 
ser, 87 ; Chick, 141 ; first appearance 
of in Babbit, 190 ; general development 
of, 520; of Fishes, 522, 524; of Mam- 
malia, 522; of Birds, 523, 525; mean- 
ing of development o^ 524 ; of Amphi- 
bia, 525 ; of Amniota, 525; ebange of 
position of, 529 

Hind-brain, Elasmobranchii, 46, 48, 49; 
Petromyzon, 76 ; general account 348 
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Hippcoampas suilmrt of, 868 

HmdOy dev6lo]^iiieiit of blood^vesMlii of, 
880 ; ozovetoiy <xmn» of, 867 
Horn, plaoentft of, 810 
Hyaloid membrane, 408 
Hylodea, ovipodtion of, 100; metamor* 
phoeiaol, 114 
Hyobranehial deft, 471 
Hyoid ardh, of Gbi^, 149; general aoconnt 
of, 471,474; modifications of, 478, 475; 
of Elaamobxanohii, 474; fsi Teleostei, 
477 ; ci Ampihibia, 479 ; of Sanxopsida, 
488 ; of Mammalia, 484 
Hyomaadibnlar bar of Elasmobranobii, 
474, 475; of Teleoetei, 477; of Am- 
I^bia, 479 

Hyomandibolar deft, of Petromyzon, 74 ; 

Chick, 149 ; genenJ acoonni of, 471 
Hyostylic skii^e, 478 
Hypoblast of Elasmobrancbii, 42; Teleos- 
tei, 57, 60; Petromyzon, 70; Adpenser, 
86; Lepidoetens, 93; Amphibia, 101, 
107; Chick, 125, 188; Laoerta, 168; 
Rabbit, 178, 179, 181 ; origin of in Bab- 
bit, 182 

Hypoakdeial muscles, 557 
Hyi^, placenta of, 207 

Incus, 436, 484 
InfraclsTicie, 493 

Infandibolnm of Petromyzon, 76; CLiek, 
145; general devdopment of, 
Inaeotivora, placenta of^ 202 
loaecta, nerrona system of, 338; eye of, 
396; generatiTe organs of, 613; genera- 
tiTe ducts of, 618 

Intercalated pieces of vertebral column, 
454 

Inierclavide, homologies of, 494 
Intermediate cell-mass of Chick, 152 
Intermnscnlar septa, 554 
Interorbital septum, 469 
Intenenal bodies, 548 
Iris, 402; comparative devdopment of, 
416 

Iris of Ammocmtes, 81 
Idand of Beil, 366 

Jaeohson's organ, 442 
Jugal bone, 488 

Kidn^, tee *Metanephros’ 

Labia majora, development of^ 599 
Labial cartOagea, 490 
Labium ^ympaaienm, 432; vestibnlare, 
432 

Ijacertilia, general development ofi 167; 
nates cl, 442; pectoral girdle of, 495 ; 
p^ric girdle of; 499; artnial qrst« of, 

Lacvymal bone* 487 
Lao^mal duet, 417 
Laej^nal gLanda, 417 


Lssmargna, vertebral odunm of, 458 
Lagena, 438 
Lamina spiralis, 488 
Lamina terminalis, 861 
Larva of AmpbiozuB, 8; of Ascidia, 18-e 
18; Teleostei, 65; Petromyzon, 73, 78; 
Lepidoetens, 96, 868; Ai^hibia, 111, 
116; types of, in the Invertebrate, 899 
Larva, nature, orira, and affinitiea of; 
897— -318 ; aeoondaiy variations of less 
likely to be retain^ 299; ancestral 
bistoiv more fuUy recorded in, 299 ; 
secondary variations in devdopment of, 
800; ontogenetio record of secondary 
variations in, 298; of freshwater and 
land animals, 299; types of, 299; phos- 
phorescence of, 801; of Ccelenterata, 
803; table of, 301 ; of Invertebrate, 808 
et seq. 

Larynx, 630 

Lateral line sense organs, 448; com- 
parison of, with invertebrate, 443 ; de- 
vdopment of, in Teleostei, 444; de- 
velopment of, in Elasmobrancbii, 444 
Latenu ventricle, 860; anterior oomu of, 
862; descending cornu o( 362; choroid 
plexus of, 864 

Layers, formation of, in Elasmobrancbii, 
34,46; Teleostei, 57; Petromyzon, 70; 
Acipenser, 84; LepidosteuB, 92; Am- 
phibia, 101; Chick, 124, 126; Laoerta, 
167; Babbit, 178— 18S; oomparison of 
Mammalia with lower forms, 187, 240; 
comparison of formation of in Verte- 
brata, 229 ; origin and homologies of, in 
the Metazo^ 274 
Leech, tee *Hirndo’ 

LemnridsB, placenta, 213 
Lens, of Elasmobrancbii, 47, 48 ; Petromy- 
zon, 76, 81; Acipenser, 87; Lepidos- 
teus, 95; Amphibia, 105; Chick, 146; 
of Vertebrate eyes, 399 ; general account 
of, 406; capsule of; 406; company ve 
development of, 411 ; of Amphibia, 
Teleostei, Lepidostens, 411 
Lepidosteni^ devdopment of, 91 ; larva of, 
96; relations of, 98; spinal nerves of, 
874 ; ribs of, 463 ; generative ducts of, 
580, 605 ; swimming-bladder ot^ 628 
L^amentnm pectinatnm, 403 
L^amentnm snspensorinm, 459, 460 
Ligamentnm vesiesi medinm, 198 
Limbs, of Elasmobranohii, 48; Teleostd, 
64; first appearance of in Chick, 182; 
Bablat, 192; muscles of, 888 ; ofFishes, 
500; rdation of; to unpaired fins of 
Fishes, 501, 508 ; of Amphibia, 808 
Liver of Telmtei, 68 ; Petromyaon, 78, 
79; Adpenser, 90, 91; Amphibia, 107; 
general acoomit of, 682 
Lizard, devdopment of, 167 ; general 
mwth of embryo of; 172 : MUUerian 
dnet of, 898 
LIzda, eye of, 888 
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Longs of Amphibia, 118; doTolopmoni of, 
628 ; homology of, 680 
Lymphatio system, 847 

• 

Maileos, 486, 486; views on, 486 
8Calpighian bodies, development of aooes- 
soiy in Elasmobranohs, 678 
Mammalia, development of, 177; com- 
parison of gastmla of, 242 ; cerebellum 
of, 850; infundibulum of, 855; pineal 
gland of, 867 ; pituitaiy body of, 869 ; 
cerebrum of; 861 ; spinal nerves of, 869; 
aympathetio of, 884; vertebral column 
of, 460; branchial arches of, 472, 478; 
mandibular and hyoid arches of, 484; 
pectoral girdle of, 496; pelvic girdle of, 
499; heart of, 622; arterial system of, 
582; venous ^stem of, 546; muscle- 
plates of, 558; mesonephros of, 589; 
testicular network of, 596; urinogenital 
sinus of, 699; spermatozoa of, 616; 
lungs of, 629; intestines of, 631; liver 
of, ^2; postanal gut of, 686 ; stomoidaeum 
of, 639 

Mammary gland, development of, 329 
Man, placenta of, 202; general account of 
devriopment of, 221 ; characters of em- 
bryo of, 226 

Mandibular arch of Elasmobranchii, 61, 
474; Petromyzon, 75; Acipenser, 87, 
1*6; Chick, 148; general account of, 471, 
474 ; modification of to form jaws, 472, 
474; of Teleostei, 477; of Amphibia, 
479; Sauropsida, 488; Mammalia, 484 
Mandibular bar, evolution of, 259, 266 
Manis, placenta of, 218 
Marsupial bones, 499 
Marsupialia, festal membranes of, 198; ce- 
rebcilnm of, 351; corpus callosum of, 
865 ; uterus of, 598 
MaxUla, 488 

Meatus auditorius extemus, of Chick, 150; 
development of, 435 

Meckelian cartilage, of Elasmobranchii, 
474 ; of Teleostei, 478 ; of Amphibia, 
480, 481; of Sauropsida, 484; of Mam- 
malia, 4^ 

Mediastinum anterior and posterior, 518 
Medulla oblongata, of Chick, 146 ; general 
development of, 849 

Medulla^ plate of Ampliioxus, 8, 4; of 
Asoidia, 9; Elasmobranchii, 86, 89, 45; 
Teleostd, 58; Petromyzon, 72; Aci- 
penser, 85; Lepidosteus, 92; Amphibia, 
104, 105, 108; Chick, 131; Laeerta, 168; 
BabMt, 185, 188, 190; primitive bilobed 
eharacter of, 251, 268 
Medusis, auditory organs of, 428 
Membrana capsulo-pupillaris, 407, 415, 
418 

Membiana elaatioa externa, 450 
Membranfk limitans of retina, 404 
Membrana teotoria, 480, 482 


Membrane bones, of Amphibia, 479; of 
Sauropsida, 484; of Mammalia, 485; 
of mandibular azcl^ 488; of pectoral 
girdle, 492, 494; origin of, 466; homo- 
logies of, 487 

Membranous labyrinth, development of in 
Man, 427 

Menobranchus, branchial arches of, 117 
Mesenteron of Elasmobranchii, 85; Teie- 
ostei, 60; Petromyzon, 70; Acipenser, 
85; Amphibia, 101, 102, 107;^ Chick, 
189 ; general account of, 620 
Mesentery, 514, 622 

Mesoblast, of Amphioxus, 5 ; Asoidia, 
14, 17 ; Pyrosoma, 20 ; Salpa, 25 ; 
Elasmobranchii, 86, 39; Teleostei, 60; 
Petromyzon, 71; Acipenser, 86; Lepi- 
dostens, 98; Amphibia, 103, 105, 106; 
of Chick, 127, 188; double origin of in 
Chick, 128, 130, 181; origin of from 
lips of blastopore in Chick, 131 ; of area 
vasculosa of Chic^ 188; Laeerta, 168; 
origin of in Babbit, 180, 185; of area 
vasculosa in Babbit, 188; comparative 
account of formation of, 248; dlBcnssion 
of development of in Vertebrata, 247; 
meaning of development of in Amniota, 
247; phylogenetic origin of, 286; sum- 
mary of ontogeny of, 289 — 292; views 
on ontogeny of, 292 — 297 
Hesoblastic somites, of Amphioxus, 5; 
Elasmobranchii, 40, 45; Petromyzon, 
72; Acipenser, 87; Lepidosteus, 94; 
Amphibia, 106, 108; Clnc]^ 134, 161; 
Babbit, 189; developmentof in Chordata, 
269; meaning of ^velopment of, 274; 
of head, 557 
Meaogastrinm, 623 

Mesonephros, of Teleostei, 63, 579; Pe- 
tromyzon, 78, 81,677 ; Acipenser, 91, 581 ; 
Amphibia, 111, 588; Chick, 152, 688; 
general account of, 569; development 
of in Elasmobranohs, 670 ; of Cyclosto- 
mata, 577; Ganoidei, 581; sexual and 
non-sexual part of in Amphibia, 585; 
of Amniota, 588, 597 ; summary imd 
general conclusions as to, 601 ; relation 
of to pronephros, 603 
Mesopt^gium, 506 
Metagenesis of Ascidians, 23 
Metamorphosis of Amphibia, 113, 116 
Metanephros, 569; development of in 
Elasmobranchii, 574; of Amphibia, 586; 
of Amniota, 588; of Chick, 595; of La- 
certilia, 596 ; phylogeny of, 606 
Metapterygium, 505 

Metapterygoid, of Elasmobranchii, 474, 
475 ; of Teleostei, 478 
Metazoa, evolution of, 280, 283; anoestr^ 
form of, 275, 285 / 

Mid-brain, of Elasmobranchii, 46, 48y^ ; 
Petromyzon, 76; general account 
velopment o^ 852 ^ 

Moina, generative organs of, 61^ 
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derdicqniieiil of, 18 

JfalToaoa, nemmt e^ston of, 841 ; eyes of, 
888; auditofy organs of, 424; excretory 
organs of, 562 

Monotremata, festal membranes of, 198; 
oerebellom of; 851 ; eorijus callosum of, 
865 ; cerebnimof,865 ; uiinogenital sinus 
0(599 

Hormyms, generatiTe ducts of, 580 
Mouth, of Amphioxna, 6; of Ascidia, 15; 
Fyxosoii^ 22; Salpa, 26; filasmo- 
brandui, 47, 50, 51, 52; Petromyzon, 
74, 77, 78, 81 ; Acipenser, 88; Lepido- 
steuB, 98; Amphibia, 107, 109, 111; 
BabMt, 191; origin of, 268 
Mouth, suctorial, of Petromyzon, 81 ; Aci- 
penser, 88; L^idosteus, 95, 263; Am- 
phibia, 109, 116, 263 
MtUlerian duct, 569; of Elasmobranohs, 
571; of Ganoids, 580; of Amphibia, 585; 
of Ayes, 591, 593; opening of into 
cloaca, 598; origin of, 604; summary 
of development of, 604; relation of to 
pronephros, 604 

Muscle-plates, of Amphioxus, 5; Elasmo- 
branchli, 40, 551; Teleostei, 552; Pe- 
tromyzon, 77; Giiick, 151, 552; general 
development of, 551 ; of Amphibia, 552; 
Aves, 552; of Mammalia, 553 ; origin of 
musdes from, 554 

Muscles, of Ascidia, 10, 14; development 
of from muscle-plates, ^4; of limbs, 
555 ; of head, 557 ; of branchial arches, 
559; of eye, 559 

Muscular fibr^ epithelial origin of, 550 
Muscular system, development 550; 

of Chordata, 551 
Mustelus, placenta o( 54 
Myo^tfaM^al ceils, SSO 
Mysis, ao^toiy organ of, 425 
Myxiiie, ovum of, 82; olfactory organ of, 
489; portal sinus of, 585; excretory 
qrstem o( 578 

Kails, development of, 328 
Naxes, of Acipenser, 89 ; of Idithyopsida, 
440; development of in Chick, 441 ; de- 
velopment of in Lacertitia, 442; develop- 
' ment of in Amphibia, 443 
Nasal bemes, 487 

Nasal pits, Acipenser, 89; Chick, 146; 
’ general development of, 438 
Neinatod% excretory organs of, 568 ; gmie- 
rarive organs of, 613; generative ducts 
of, 618 

Kemertines, nervous system of, 258; ex- 
cretory organs of, 561 
Nerve cord, origin of ventral, 812 
Nerves, ipinal, 869; cranial, 874 — 888 
Vervous system, central, general aoconnt 
of development of in Vertehmta, 842; 
^4^asioiis as to, 866; sympathetic^ 


Nervous cystem, of Amphioxus, 8; Agddla; 
18, 14; Molgula, 18; Pyrosoma, y, 21; 
Salpa, 25, 26; Elasmdl^raitohii, 86; 
Teleostei, 62; Petromyaon, 78, 76; Aoi^ 
penser, 87; Amphibia, 104; oompsirative 
account of formation of central, 250; 
of Sagitta, 289; origin of in Cmlenterata, 
289; of prnoral lobe, 811, 818; evo- 
lurion of, 880—335; development of in 
Invertebrates, 835 ; of Arthropoda, 887 ; 
of Qephyrea, 840 ; MoUusca, 841 
Neural canal, of Ascidia, 9 ; Teleostei, 58 ; 
Petromyzon, 72; Acipenser, 86; Lepi- 
dosteuB, 94; Amphibia, 104, 108; Chio^ 
138, 141; Lacerta, 172; closure of in 
Frog and Amphioxus, 233; closure of in 
Elasmobranchii, 236; phylogenetic ori- 
gin of, 262 

Neural crest, 369, 374, 875 
Neorenterio canal, of Amphioxus, 3, 4; 
Ascidia, 9 ; EliCsmobranohii, 44 ; Petro- 
myzon, 72; Acipenser, 86; Lepidostens, 
93; Aves, 135; Lacerta, 168, 170; gene- 
ral account of, 267 ; meaning of, 268 
Newt, oTiun of, 99; development o( 108; 

general growth of, 116 
Notidanns, vertebral colaiiuio( 452; bran- 
chial ar^es of, 472 

Notochord of Amj^uoxns, 5; Ascidia, 
10, 14 ; Elasmobranchii, 42 ; Teleostei, 
60; Petromyzon, 71, 77; Acipenser, 86; 
Lepidostens, 93; Amphibia, 105, 106; 
ChidL, 130; canal of, in Chick, 135; La- 
eerta, 168,169; Guinea-pig, 187; com- 
parative account of formation of, 243, 
269; sheath of, 449; later histological 
changes in, 449; cartilaginous sh^th 
of, 451; in head, 467; absence of in 
re^^on of trabeouUe, 468 
NoMelpbys, brood-pouch of, 100;branchiie 
of, 116 

Nototrema, brood-pouch of, 100 
Nucleus pulpoBUB, 460 

Oceania, eye of, 888 
Occipital Iwne, 489 

OSsophagus, solid, of Elasmobranchii, 50, 
624; of Teleostei, 63 
Olfactory capsules, 470 
Olfactory lobes, development of, 866 
Olfactory nerves, Ammoemtes, 81; gene- 
ral development of, 882 
Olfactory organ, of aquatic forms, 488; 
Insects and Crustacea, 488; of Tnnioata, 
488; of Amphioxus, 488; of Vertehraia, 
488; Petromyzon, 489; of Myxine, 489 
Olfactory sacks, of Elasmobranchii, 49, 50; 
Teleostei, 59; Peiromyson, 76, 79; Aei- 
penser, 87, 89; Lepidosteus, 95; Chick, 
146 

Oligoohftta, excretory organs of, 564 

Olivary bodies, 850 

Omentum, lesser and greater, 628 
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Onobidittm, eye of, SM 
OpenmUr bo&ee, 487 
Operoolom, of Teleostei, 62; Acipenser, 
88; Lepidosteng, 96, 98 ; Amphibia, 111 
Ophidia, development of, 173; arterial 
syetem of, 633; venous system of, 639 
OpUc ehiasma, 364, 406 
Optic onp, retinal part of, 402; dliary 
portion of, 403 
Optic lobes, 862 

Optic nerve, development of, 406 ; compa- 
jrative development of, 411 
Optic thalami, development of, 866 
Optic vesicle, of Elasmobranchii, 46 — 48 ; 
Teleostei, 69, 410; Petromyzon, 73, 76; 
Acipenser, 87; Lepidosteus, 94; Chick, 
141 ; Babbit, 190; general development 
of, 363; formation of secondary, 401; 
obliteration of cavity of, 402 ; compara> 
live development of, 410 ; of Lepidosteus 
and Teleostei, 410. See aho 
Ora serrata, 402 

Orbitosphenoid region of skull, 470 
Organs, classification of, 323; derivation 
of from germinal layers, 324 
Orycteropus, placenta of, 207 
Otic process, of Axolotl, 480; of Frog, 
481 et seq. 

Otoliths, 422 

Oviposition, of Amphioxus, 1; Elaamo- 
branchii, 33; Teleostei, 56; Petromy- 
zon, 69; Amphibia, 100; Keptilia, 167 
Ovum, of Amphioxus, 1; Pyrosoma, 19; 
Elasmobranchii, 33; Teleostei, 65; 
Petroroyzon, 68; Myxine, 82; Acipen- 
ser, 84; Lepidosteus, 91; Amphibia, 99; 
Chick, 121; Beptilia, 167; Mammalia, 
177; of Porifera, 610; migration of in 
Cmlenterata, 611 ; Vertebrata, 614 

Palatine bone, of Teleostei, 478; oiigin 
of, 488 

Pancreas, Acipenser, 91 ; general develop- 
ment of, 633 

Pancreatic caeca, of Teleostei, etc. 632 
Papilln, oral, of Acipenser, 89; Lepidos- 

leiis,96 

Paraohordals, 466 
Poraspbenoid bone, 488 
Parepididymis, 597 
Parietal bones, 487 
Paroophoron, 597 
Parovarium, 597 

Pectoral girdle, 492; of Elasmohranohs, 
, 493; of Teleostei, 493; of Amphibia 
and Amniota, 493 ; comparison of with 
pelvic, 600 
Pecten, ^ of^ 394 

Peeten, of Ammoocstes, 410; of Chick, 
412; Lizard, 418; Elasmohranohs, 413 
Pedicle, of Axolotl, 480; of Frog, 481 
Pelobates, brandiial apertures of, 112; 
vertebral eolumn of, 468 


Pelodytes, branehid chamber of, 112 
Pelvic girdle, 497; of Fish^ 497; Amr 
phibia and Amniota, 498; of Laeerti- 
lift, 499; of Mammalia, 499; compari- 
son with pectoral, 500 
Penis, development of, 699 
Peribranchial cavity, of Amphioxus, 6; of 
Ascidia, 16; Pyrosoma, 20 
Pericardial cavity, of Pyrosoma, 21; Elas- 
mobranchii, 40; Petromyzon, 77; gene- 
ral account of, 614; of Fishes, 616; of 
Amphibia, Sauropsida and Mammalia, 
517 

Pcrichordal formation of vertebral column, 
458 

Perilymph of ear, 430 
Periotic capsules, ossifications in, 489, 
490 

Peripatus, nervous system of, 337; eye of, 
895; excretory organs of, 567 
Peritoneal membrane, 514 
Petromyzon, development of, 68; affini- 
ties of, 68, 69; general development 
of, 72; hatching of, 73; comparison of 
gastrula of, 233; branchial skeleton of, 
259, 471 ; cerel^llum of, 350 ; pineal 
gland of, 357; pituitary body of, 359; 
cerebrum of, 361; auditory organ of, 
426; olfactory organ of, 439; compari- 
son of oral skeleton of with Tadpole, 
482; pericardial cavity of, 515; abdo- 
minal pores of, 515; venous system of, 
535; excretory organs of, 577; segmen- 
tal duct of, 577; pronephros of, 677; 
mesonephros of, 577; thyroid body of, 
625; postanal gut of, 636; stomodisum 
of, 639 

Phosphorescence of larvaa, 301 
Phylogeny, of the Chordata, 271; of the 
Metazoa, 316 

Pig, placenta of, 209; mandibular and 
hyoid arches of, 484 

Pineal gland, of Petromyzon, 76 ; Chick, 
145 ; gener^ development of, 356 ; nature 
of, 366, 358 

Pipa, brood-pouch of, 100 ; metamoipbo^ 
sis of, 114; yolk-sack 115; vertebral 
column ^8 

Pituitary body, of Babbit, 191; general 
development of, 358 ; meaning of, 359 
Placenta, of Salpa, 24 ; Elasmobranchii, 54 ; 
of Mammalia, 193; villi of, 195; de- 
ciduate and non-deciduate, 198; com- 
parative account of, 198—216; charac- 
ters of primitive type of, 199 ; zonary, 
205 ; non-deciduate, 207 ; histology of^ 
215; evolution of, 216 
Plaooid scales, 326 
Planorbis, excretory organs of, 662 
Pianola, structure of, 303 
Pleural cavities, 518 
Pleuroneotidie, development of, 65 
Pneamatocoslat characters of, 271 
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Potygorditts, exeretoiy organs of, 
Pol^ldithalmiis, eye of, 894 
Polyi^tes, IxTood-ponoh of, 100 
P<dys^ exeretoiy organs 668 ; gene- 
rative odls of, 618 ; generative ducts of, 
618 

Pons Yarolii, 831, 862 
Pori abdomisuUes, AmmocoBtes, 81 
Porifera, ancestral form of, 283 ; develop- 
ment of generative cells of; 610 
Portal vein, 686 

Postanal gut of Elasmobrandiii, 47, 48, 
49; Tel^Btei, 61; Chick, 140; general 
account o^ 267, 684 
Prmmaxilla, 488 
Pneoperenlmr bone, 487 
Pneoral lobe, ganglion of, 811, 813 
Prefh>nt8l8, 490 

Pr^henoid region of skull, 470 
Primitive groove of Chick, 128 
Primitive streak, of Chick, 126, 134; 
mean^ of, 127 ; origin of mesoblast 
form in Chick, 127, 128 ; continuity of 
hypoblast with epiblast at anterior end 
of, in Chick, 129 ; comparison of with blas- 
topore, 137 ; fate of, in Chick, 137 ; of 
Laoerta, 168 ; of Babbit, 184 ; of Guinea- 
pig, 186 ; fusion of layers at, in Babbit, 
186 ; comparison of with blastopore of 
lower forms, 187, 238; of Mammalia, 
241 

Processus falciformis of Ammoccetes, 410 ; 

of Elasmobranch, 413 ; of Teleostei, 414 
Proctodsnm, 642 

Pron^hros, of Teleostei, 63, 578; Pe- 
tromyzon, 78, 81, 677 ; Adpenser, 88, 
91; Amphibia, 110, 582; general ac- 
coxmt of, 568; of Cyclostomata, 577 ; of 
Myxine, 678; Ganoidei, 581; of Am- 
niota, ; of Chick, 61)1 ; summary of 
and general conclnsions as to, 600; 
relation of, to mesonephros, 603 ; cause 
of atrophy of, 601 
Prootic,489,490 
Propteiyginm, 606 
Proteus, branchial arches of; 117 
Protoehordat^ characters of, 271 
Protoganoidei, characters of, 272 
Protognathostomata, characters of; 271 
Protopentadaetyloidei, characters of, 272 
Protovertehrata, characters of, 271 
Psendis, Tadpole of, 115 ; vertebral eolnmn 
of; 458 

Pseodoplixyne, yolk-saokof; 115 ; Tadpole 
of, 116 

Pterygoid bone, of Teleostei, 478 ; origin 
of, 488 

Pterygoqnadrate bar, of Elasmobranehii, 
474; of Tdeostei, 478; Axolotl, 4 .0; 
P^^4 8^of Sanropsida, 484 ; of Mam- 

Pulmonaiy artery, origin 580; of 
Amphibia, 581 ; oi Amniota, 588 


Pulmonary vein, 688 
Pupil, 402 

Pyrosoma, development of, 19 

Quadrate bone of Teleostei, 478 ; of AxolOU, 
480; Frog, 481; Sanropsida, 464 
Quadratojugal bone, 488 

Babbit, development of, 177; general 
growth of embryo of, 188 ; pbwenta of, 
199 

Badiate symmetry, passage from to bi- 
lateral symmetry, 808-->810 
Baja, caudal vertebrsB of, 466 
Bat, placenta of, 200 
Beoessns labyrinthi, 427 
Beissner's membrane, 432 
Beptilia, development of, 167 ; viviparous, 
167 ; cerebellam of, 860 ; infundibalum 
of, 856; pituitary body of, 869; cere- 
brum of, 861; vertebral column of, 
458; arterial system of, 532; venous 
system of, 539; mesonephros of, 588; 
testicular network of, 596 ; spermatozoa 
ol, 615 

Bestiform tracts of Elasmobranehii and 
Teleostei, 830 

Betina, histogenesis of, 404 
Betinulse, 896 
Bhabdom, 896 

Bhinoderma, brood-pouch of, 100 ; meta- 
morphosis of, 113 
Bibs, development of, 462 
Bosenmuller’s'organ, 597 
Botifera, excretory organs of, 361 
Bound ligament of liver, 346 
Buminantia, placenta of, 211 

Sacd vasculosi, 855 

Saocttlus hemisphericuB, 427 ; of Mammals, 
426, 429 

Sagitta. See * Chaatognatha * 

Salpa, sexual development of, 24 ; asexual 
development of, 28 

Salamandra, larva of, 117; vertebral 
column of, 456 ; limbs of, 509 ; mesone- 
phros of, 588 ; Mullerian duct of, 685 
Saimonidfe, hypoblast of, 57; generative 
dnets of, 580 

Sanroprida, gastrula of, 288; meaning oi 
primitive streak of, 289 ; blastopore of, 
240; mandibular and hyoid arabes of, 
488 ; pectoral girdle of, 498 
Scala, vestibuli, 480 ; tympani, 480 ; media, 
480 

Scales, general developm«it of, 827 ; de« 
velopment of plaooid scales, 826 
Scapula, 492 
Sclerotic, 401 

Scrotum, development of, 699 
Bc^Uium, caudal vertebra of, 455; maiidl* 
bnlar and hyoid arches of, 476; pectoral 
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girdk of, 498 ; limbs of, 501 ; pelvic fin 
oi; 604 ; jj^toral fin of, 504 
legmantal duet, 568 ; development of in 
£lMmobrancfa«, 569 ; of Cyclostomata, 
577 ; of Teleostei, 578 ; of Ganoidei, 580, 
561; of Amphibia, 582; of Amniota, 
588 


Segmental organs, 568 
Segtnental tabes, 569 ; development of in 
Elasmobranchs, 570; rudimentaxy an- 
terior in Elasmobranchs, 571 ; develop- 
ment of secondary, 602 
Segmentation cavity, of Elasmobranchii, 
S4-~86; Teleostei, 56, 69, 70; Amphibia, 
100, 108 

Segmentation, meaning of, 274 
S^mentation of ovum, in Amphioxas, 2 ; 
Asoidia, 8; Molgula, 18; Pyrosoma, 
19; Salpa, 25; Elasmobranchii, 83; 
Teleostei, 56; Petromyzon, 69; Aci- 
penser, 84 ; Lepidosteus, 92 ; Amphibia, 
100, 102 ; Newt, 103; Chick, 121; 
Lizard, 167 ; Babbit, 177 
Semicircular canals, 427 
Sense organs, comparative account of 
development of, 252 
Septum luoidum, 365 
Serous membrane, Lacerta, 172 ; of Babbit, 
196 


Seventh nerve, development of, 377 
Shell-gland, of Crustacea, 568 
Shield, embiyonic, of Chick, 125; of 
Lacerta, 167 

SimiadsB, placenta of, 205 
Sinus rhomboidalis, of Chick, 134 
Sinus venosus, 524 
Sirenia, placenta of, 212 
Sixth nerve, 881 

Skate, mandibular and hyoid arches of, 
475 

Skeleton, elements of found in Vertebrata, 
447 

Skull, general development of, 465 ; histo- 
rical account of, 465; development of 
cartilaginous, 4^ ; cartilaginous walls 
of, 470 ; composition of primitive car- 
tilaginous cranium, 466 
Somatopleure, of Chiok, 141 
Spelerpes, branchial arches of, 117 
Spermatosoa, of Porifera, 612 ; of Verte- 
brata, 614 
Sphenoid bone, 489 
Sphenodon, hyoid arch of, 488 
Spinal cord, general account of, 842; 
white matter of, 842 ; central canal of, 
848, 845; commissures of, 848; grey 
matter of, 848 ; fissures of, 344 
Spinal nerves, posterior roots of, 869; 

anterimr roots of, 872 
Spfanole, of Elasmobranchii, 50 ; Acipen- 
•er, 87; Amphibia, 112 
l^iral valve, 5res 'Valve* 

Spleen, 547 


Splenial bone, 488 
Squamosal bone, 487 
Stapes, 486 ; of Mammal, 485 
Sternum, development of, 468 
Stolon of Doliolum, 24 ; Salpa, 28 
StomodiBum, 686 
Stria vascularis, 481 
Styloid process, 486 

Sub-int^tinal vein, 585; meaning of, 
585 

Syngnathus, brood-pouch of, 55 
Subnotochordal rod, of Elasmobranchii, 
45 ; Petromyzon, 77 ; Acipenser, 91 ; Le- 
pidosteus, 95 ; general account of, 620 ; 
comparison of with siphon of Chseto- 
pods, 622 

Subzozial membrane, 196 ; villi of, 195 
Sulcus of Munio, 855 
Supraclavicle, 492 
Suprarenal bodies, 547 
Snpra-temporal bone, 4S7 
Swimming bladder, He Air bladder. 
Sylvian aqneduct, 352 
Sylvian fissure, 865 

Sympathetic ganglia, development of, 
384 

Tadpole, 111.' 114, 115 ; phylogenetic 
meaning of, 113 ; metamorphosis of, 
113; meaning of suctorial mouth of, 
481 

Tail of Teleostei, 64 ; Acipenser, 89 ; Le- 
pidosteus, 97 ; Amphibia, 109 
Tarsus, development of, 509 
Teeth, homy provisional, of Amphibia, 
112 ; general development of, 640; 
origin of, 640 

Teleostei, development of, 55 ; viviparous, 
55 ; comparison of formation of layers in, 
238; restiform tracts of, 350; mid-brain 
of, ^2 ; infundibulum of, 355 ; cerebrum 
of, 361 ; nares of, 440 ; laterid line of, 
444 ; notochord and membrana elastioa 
of, 452 ; vertebral column of, 456 ; ribs 
of, 463 ; hyoid and mandibular arches 
of, 476 ; pectoral girdle of, 493 ; pelvic 
girdle of, 498 ; limbs of, 507 ; heart of, 
523 ; art^al system of, 530 ; muscle- 
plates of, 652 ; excretory organs of, 678 ; 
generative ducts of, 580, 605, 616; 
swimming bladder o^ 627; postanal 
gut of, 636 

T<^o, nervous system of, 341 . 

Test of Asoidia, 12 ; Salpa, 26 
Testicular network, of Elasmobranchs, 574 ; 
of Amphibia, 586; Beptilia, 596; of 
Mammals, 5^ 

Testis of Vertebrata, 614 
Testis, connection of with Wolffian body, 
in Elasmobranchii, 574 ; in^ Amphibia, 
585 ; in Amniota, 596 ; origin of, 605 
Thalamenoephalrn of Chick, 145 ; general 
development or, 854 
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Third nerve, development of, 879 
Thymus |^d, 627 

l^yroid gland, Petromyson, 75; general 
aooonnt of, 624; nature of, 625; de- 
velopment of in Yertebrata, 626 
Tooth. 5fee^ Teeth* 

Tori eemiotvcnlarefl, 852 
Tomaria, 807 

7Mi>ecal», 466, 468; nature of, 468 
Trachea, ^0 

Tremato^, excretory organs of, 561 
Triton alpestris, sexual larva of, 118 
Triton, development of limbs o^ 509 ; 

urinogenital organs of, 587 
Tmncus arteriosus, 524; of Amphibia, 
525 ; of Birds, 526 

Tunicata, development of mesoblast of, 
243 ; test of, 826 ; eye of, 418 ; auditory 
organ of, 436 ; oMectory or^n of, 438 ; 
generative duct of, 616; intestine of,^ 
631 ; postanal gut of, 634 ; stomodsBum 
of. 639 

Tnrbellaria, excretory organs of, 561 
Tympanic annnlns of Frog, 483 
Tympaniocavity,of Amphibia, 111 ; Chick, 
149; Babbit, 192; general development 
of, 435 ; of Mamn^s, 485 
Tympanic membrane, of Chick, 150 ; gene- 
ral development of, 435 
Tympanohy^, 486 

Umbilical canal of Elasmobranchii, 15, 
47, 48, 49 

Umbilical cord, 197 ; vessels of, 198 
Ungulata, placenta of, 208 
Ur^us, 198, 599 

Ureters, of Elasmobranchii, 574 ; develop- 
ment of, 596 
Urethra, 599 

Urinary bladder of Amphibia, 587; of 
Amniota, 598 

Urinogenital organs, $te Excretory organs. 
Urinogenital sinus of Fetromyzon, 577; 
of Sauropsida, 598 ; of Mammalia, 
599 

Urochorda, devdopment of, 8 
Uterus, development of, 598; of Marsu- 
puds, 598 

Uterus masculinus, 598 
Utriculus, 427 
Uvea (A iris, 408 

Tagus nerve, development of, 874, 876; 
intestinal branch of, 876 ; Inaneh of to 
lateral line, 377 

Valve, spiral, of Fetromyzon, 79; Aci- 
penser, 91 ; general account of, 631 
Valves, semilunar, 527; anrioulo-ventri- 
eolar, 528 

Vasa efferenda, of Elasmobranchs, 574 ; 
of Anmhibia, 586; general origitt of, 
597 

Vascular system, of Amphioxas, 7 ; Fetro- 


myzon, 80; Lepidosieus, 96 ; genernl 
development of, 519 

Vas deferens, of Elasmobranchii, 575 ; ^ 
Amniota, 596 

Vein, sub-intestinal of Fetromyzon, 80; 

Acipenser, 91 ; Lepidosteus, 96 • 

Velum of Fetromyzon, 74 
Vena oava inferior, development of, 588 
Venous system of Fetromyzon, 80 ; gene- 
ral development of, 585 ; olVishes, 585 ; 
of Amphibia and Amniota, 538; of 
Beptilia, 589 ; of Ophidia, 589 ; of Aves, 
541 ; of Mammalia, 545 
Ventricle, fourth, of Chick, 146 ; history of, 
849 

Ventricle, lateral, 360, 362 ; fifth, 865 
Ventricle, third, of Chick, 145 
Vertebral bodies, of Chick, 151 
) yertehral column, development of, 449, 
^ ^453 ; epicbordai and perichordd de- 
\ --'vel(^pment of in Amphibia, 458 
• Vespertilionids), early development of, 179 
Vieussens, valve of, 351 
Villi, placental, of zona radiata, 195 ; sub- 
zonal membrane, 195; chorion, 197; 
Man, 204 ; comparative account of, 215 ; 
of young human ovum, 221, 225 
Visceral arches, Ampbioxus, 6; Elasmo- 
branchii, 47—50; Teleostei, 62; Aci- 
penser, 87; Ijepidosteus, 96; Amphibia, 
109, 110; Chick, 147; Babbit, 191; 
prieoral, 470; relation of to head ca- 
vities, 471 ; disappearance of posterior, 
472; dental plates of m Teleostei, 473 
Visual organs, evolution of, 387 
Vitelline arteries, of Chick, 162 
Vitelline veins, of Chick, 162 
Vitreous humour, of Ammococtes, 81 ; 
general development of, 407 ; blood- 
vessels of in Mammals, 414; meso- 
blastic ingrowth in Mammals, 414 
Vomer, 488 

White matter, of spinal cord, 342; of 
brain, 348 

Wolffian body, see *MeaonopbroB * 

Wolffian duct, first appearance of in 
Chick, 152; general account of, 569; 
of Elasmobranchs, 571 ; of Ganoids, 580 ; 
of Amphibia, 585; of Amniota, 5^8; 
atrophy of in Amniota, 597 
Wolffi^ ridge, 153 

Yolk blastopore, of Elasmobranchii, 52 
Yolk, folding off of embm from, in 
Elasmobranchii, 45; in Tdbostei, 62; 
Acipenser, 87 ; Chkk, 139, 141 
Yolk nuclei, of Elasmobranchii, 84, 44; 
Teleostei, 56, 61 

Yolk, of Elasmobranchii, 33; Teleostei; 
55; Fetromyzon, 79; Acipenser, 90; 
Amphibia, 101, 107: Chi^, 121; in« 
fiuenoe of on formation of layers, 280; 
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iofluenoe of on early development, 
382,288 

YoU^-ead^, Amidiibia, 108, 115, 116; en- 
closure of, 101 

Yolk-sadc, development of in Babbit, 188 ; 
»f Mammalia reduced, 188; circulation 
of in Eabbit,^19d ; enclosure of in Sauro- 
psida, 240 

Yolk-sack, enclosure of, Petromyzon, 70 

Yolk-sack, Lepidosteus, 97 

Yolk-sack of Cbiok, enclosure of, 133; 


stalk of, 142; general account of, 161; 
circulation of, 162 ; later history of, 164 
Yolk-sack of Elasmobranehii, enclosure 
of, 51, 236 ; circulation of, 52 
Yolk-sack of Lacerta, 173; circulation of, 
173 

Yolk-sack, Teleostei, 61, 65; enclosure of, 
60; circulation of, 66 

Zona radiata, villi of, 105 
Zonula of Zinn, 407 
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